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I. INTRODUCTION 
There has been increased interest during recent years in 
evaluating various soil factors that affect plant growth in 
terms of yield. When knowledge of the yield effect of a vari­
able or variables is known, it is then possible to make pre­
dictions of yield under given conditions. This study involves 
the effect of surface soil (A^ horizon) thickness on yields. 
The specific objectives are as follows: 
(a) To determine whether corn yields are lower on eroded 
than on noneroded soils in the Marshall-Monona trans­
ition zone in southwestern Iowa, and, if so, the mag­
nitude of the yield reduction associated with differ­
ent degrees of erosion. 
(b) To test the hypothesis that nitrogen fertilizer will 
substitute for surface soil thickness in production 
of corn over the range of surface soil thicknesses 
typical of the upland soils of the Marshall-Monona 
transition zone of southwestern Iowa. 
(c) To determine if the above objectives could be 
realized in a limited number of years by a series 
of field experiments on selected sites in farmer-
operated fields in which such soil, site and manage­
ment factors that may affect corn yields are measur­
ed. 
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II. REVIEW OF LITERATURE 
The presentation of the previous work in this area of 
soil research will be subdivided for purposes of clarity into 
the categories of, first, the effect of subsoil character on 
crop production when exposed or mixed with surface soil, and 
second, the measurement of surface soil thickness effects on 
yield by sampling procedures. 
A. Effect of Subsoil Character on Growth of Crops when 
Exposed or Mixed with Overlying Surface Soil 
The importance of surface soil or topsoil for crop pro­
duction has been recognized by many agricultural writers down 
through the centuries. Columella (10, p. 133), writing about 
50 A.D. concerning Roman agriculture, had this to say: 
. - . all ground, though it be never so rich, still 
has poorer soil underneath, and when the larger clods 
are turned up they bring this with them; the result 
being that the less productive soil, mixed with the 
r i c h e r ,  g r o w s  a  l e s s  b o u n t i f u l  c r o p  . . . .  
This observation of Columella's varies little from those 
found in more recent writings. In England, E. J. Russell 
(30, p. 56) stated in 1917: 
It is well known that only the top six or eight 
inches of the soil is suited to plant life, and 
that the lower part, or subsoil, plays only an 
indirect part in plant nutrition. 
Hilgard (18), an American contemporary of Russell, 
initiated a flurry of discussion with his observations on 
soils and subsoils at about the beginning of the 20th century. 
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He distinguished "between humid and arid regions with respect 
to the importance of the original surface soil. It was his 
contention that while subsoils in humid regions were "raw" 
(that is, unfavorable for plant growth when compared with the 
corresponding surface soil), subsoils in arid regions were 
not. This, he maintained, was due to the greater compaction 
of the subsoil in humid areas, and the absence of humus and 
slower weathering of the minerals present in that part of the 
soil profile. In arid areas, Hilgard believed that any mix­
ing of subsoil with surface soil produced no detrimental 
effect on crop yield because clay did not accumulate anywhere 
in the soil profile. No compaction could thereby result, 
and aeration would not be a problem. In fact, he observed 
that crops could grow as well in California on excavated sub­
soil as on the original surface soils. 
Other writers, such as Lyon and Fippen (20) in the United 
States and Ramann (27) in Germany, were convinced by Hilgard's 
arguments concerning arid vs. humid subsoils. However, Lip-
man (19), himself familiar with arid soils of California, 
criticized the accepted view of Hilgard's that arid subsoils 
were not "raw", at least with respect to non-legumes. He 
also pointed out a lack of evidence to prove that humid sub­
soils were "raw" to inoculated legumes. 
Alway et. al. (3) subsequently observed that in eastern 
Nebraska inoculated legumes in the area of loess derived soil 
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grew almost as well on subsoils thrown out of railroad cuts 
as on corresponding surface soils; non-leguminous plants could 
grow satisfactorily on this subsoil only after alfalfa had 
been grown for a long period of time. 
Millar (23), in a greenhouse experiment using various 
horizons of Fox sandy loam and Miami silt loam soils in Mich­
igan, showed that lower horizons of some profiles may be very 
unproductive insofar as non-legumes (oats) were concerned but 
could support a thrifty growth of inoculated legumes. 
In a greenhouse experiment with Minnesota subsoils, 
Harmer (15) found that alfalfa grew as well on two subsoils 
as on the corresponding surface soils, but in five other soils 
the alfalfa growth was inferior on subsoils relative to the 
corresponding surface soils. McMiller (2l) found that the 
unproductiveness of two of these latter subsoils of Harmer's 
study could be removed by application of soluble phosphorus 
and potassium fertilizers. 
Host (28), in another Minnesota greenhouse study a few 
years later, found that oat yields varied with available 
nitrogen content, both being highest in the surface horizons. 
Also, phosphorus, alone or with potassium, removed any unpro-
ductivity in the case of 33 out of 37 horizon samples tested 
for a legume (sweet clover). 
Hays et al. (16) found that production of corn could be 
satisfactorily restored on severely eroded Fayette silt loam 
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of southwestern Wisconsin by application of large amounts of 
commercial fertilizer, establishment of long rotations with 
three or more years of alfalfa-grass hay, reduction of erosion 
and building up organic matter by use of barnyard manure and 
green manure. 
Browning et al. (8) reported on a study conducted at the 
Soil Conservation farm near Clarinda, in which the surface 
soil of one of the plots in the runoff experiment located on 
Marshall silt loam was removed in 1932 and the yields from 
continuous corn on this plot were compared with those obtained 
from plots with surface soil. Without treatment the average 
yield on the subsoil plot from 1932-1942 was only 25^ of that 
obtained from surface soil plots. 
Fertilizer treatments were applied to the denuded plot 
on the Soil Conservation Farm in 1952 to determine the yield 
response to fertilizer. After 180 pounds of nitrogen and 80 
pounds of PgOg were applied per acre, the yield of the denuded 
plot in continuous corn was equal to the yield of continuous 
corn on the surface soil with the same treatment during the 
period from 1953 to 1955.^ 
Bachtell et al. (5) in Ohio, removed the topsoil from 
certain plots on Canfield silt loam and applied this topsoil 
^Dr. W. E. Larson, A.R.S., U.S.D.A., Department of 
Agronomy, Iowa State University of Science and Technology, 
Ames, Iowa. The results of fertilizer treatment. Private 
communication. June, 1959. 
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to the surface of other plots. Thus a range of topsoil thick­
ness was obtained of zero, normal and twice-normal thickness. 
The double-thickness plots produced the greatest yield of 
corn in the rotation. The yields of grain on subsoil without 
nitrogen application were very poor for the first three years. 
In corn-cats-vheat-kay rotation, the yields of corn on the 
subsoil plots without fertility treatment increased from 13 
to 63 bushels per acre during the period 1937-1949. With 
application of lime, fertilizer and manure, the yield of corn 
on the subsoil increased up to 84$ (97 bushels per acre) of 
that obtained from similarly treated topsoil. 
Gardner (14) and Whitney et. al. (34) found in Colorado 
that a lack of available nitrogen and phosphorus in subsoils 
accounted for a large part of the decrease in crop yield which 
occurred as a result of leveling land for irrigation. 
Millar (22) reported work on the Hillsdale sandy loam in 
which the Ag and B horizons produced similar corn growth but 
the growth on both was inferior to that obtained on the eight 
inches of surface soil above the Ag and B horizons. Millar 
showed that the plant roots could absorb nutrients at a great 
depth when the nutrients were available. Large amounts of 
phosphorus were required to produce growth comparable with 
that obtained on surface soil. 
In most of these above studies, unproductiveness of sub­
soils appeared to be related to lack of one or more nutrient 
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elements. 
B. Measurement of Effects of Surface Soil Thickness 
on Corn Yield by Sampling Procedures 
During the last twenty-five years there has been consid­
erable interest in assigning a quantitative value to various 
increments of surface soil with respect to their capacity to 
produce corn. This information is useful in a number of ways, 
including productivity estimates for different soils and soil 
conditions. 
Some investigators have used intra-field sampling tech­
niques to determine the effect of surface soil thickness on 
corn yields. Murray et. al. (24) used this procedure in Iowa 
in 1936-37, and found that there was a definite tendency for 
yields to increase with thickness of surface soil up to 8-10 
inches. The procedure in this study was to locate several 
sampling sites within each field, assuming management to be 
constant for all areas within the field. Aandahl (l), an 
associate of Murray, reported the assumption that management 
was constant for all areas in the field proved to be unsound, 
and the field areas were then stratified on the basis of soil 
management. 
Aandahl also indicated that considerable variation in 
corn yields was obtained among surface soil thicknesses. On 
the Marshall soils, no effects on corn yields were obtained 
as surface soil thicknesses were varied under a high level of 
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soil management. However, an increase of more than 30 bushels 
per acre was obtained as surface soil increased in thickness 
from 4 to 12 inches on Fayette and Tama silt loam soils in 
Tama County. 
Odell (25) used sampling procedures in farmers' fields 
in Illinois during the years 1946-47 on Tama silt loam and 
Swygert silt loam soils to determine their productivity for 
corn under various environmental conditions. While weather 
conditions were rather unfavorable in 1947, it was evident in 
this study that average corn yields were higher where the 
surface soil (A^) was thick than where it was thin. For Swy­
gert soils, which have an unfavorable subsoil, thickness of 
surface soil was of more importance than for Tama soils, 
which have a more permeable subsoil. 
One of the variables associated with topsoil thickness 
is that of slope. Murray (24) had found that corn yield was 
more directly associated with surface soil thickness than with 
slope. Thus he concluded that thickness of surface soil was 
a more important factor to measure than slope in rating soil 
productivity. 
Reporting at a later stage of completion of the Murray 
study, Aandahl (l) reported that it proved impossible to sep­
arate the effects of slope gradient and surface soil thick­
ness . Odell (25) also found that the slope gradient effect 
could not be separated from the effect of thickness of surface 
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soil on corn yield in his study. Assuming that surface soil 
thickness has a more direct influence on corn yields, he used 
the thickness as an independent variable, recognizing that 
some confounding existed between slope and surface soil thick­
ness effects. 
The use of multiple regression techniques to determine 
the effect of one or more soil factors on yields has been 
feasible only since Improved computing facilities such as 
the IBM 650 Computer have become available• Rust and Odell 
(31) made use of this method in studying the causes of corn 
yield variations. They studied the effect of eight factors 
on corn yields in 20,000 fields and found that these factors 
accounted for 18 to 56^ of the variations in the dependent 
varlate. Peperzak (26) used a similar technique to study the 
causes of yield variations on different soil materials on 
highway backslopes. He correlated 20 different soil factors 
with forage yields and accounted for a maximum of 46# of the 
total observed variations in yield. 
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III. EXPERIMENTAL METHODS AND PROCEDURES 
A. Field Procedures 
1. Study of effect of natural 
surface thickness on corn yield 
The investigations in the field were conducted in the 
Marshall-Monona transition zone of southwestern Iowa, and were 
primarily concentrated in Mills and northern Fremont Counties. 
The soils and landscape of this area have been studied by 
Daniels (ll), who reported that the soils on the more gently 
sloping ridgetops (Marshall 1.-1% slope) developed on a surface 
that is of Tazewell age (14-16,000 years), while the soils on 
the more strongly sloping positions (Monona 7-15# slope) 
developed on a surface exposed in Recent time (less than 6,800 
+ 300 years)• These relationships are illustrated in Figure 
1. This difference in age of the parent materials did not 
materially affect.the characteristics of the soils that 
developed thereon, as will be shown later. 
The Marshall and Monona soils of this study area were 
described in 1957.^" These descriptions are included in the 
Appendix. 
The distribution of < ^J* clay in the profiles referred 
to above is presented in Figure 2 and indicates that the 
^The descriptions were made by G-. H. Simons on and the 
author. 











Figure 1. A hypothetical block diagram illustrating the general 
relationship of the soils used in the study to the 
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Figure 2. The distribution of clay with depth for 
the soils employed in the study (analyses 
by G. H. Simonson on profile samples he 
collected with the aid of the author) „ 
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Marshall contains about 30% clay in the Bg horizon as compared 
to about 25% clay in the same horizon in the Monona profile. 
The horizons (also referred to as surface soil) of the two 
profiles are essentially the same in texture, being approxi­
mately on the boundary between the silt loam and silty clay 
loam classes. These two soils may be considered minimal 
Brunizems in this transitional area. 
This relatively slight difference in the textural pro­
files for these two soils led to the formulation of an assump­
tion that plant growth would not be affected noticeably by 
this difference. In the experimental procedures, however, 
this assumption was treated as an hypothesis which could be 
accepted or rejected on the basis of the findings of the 
study. In general, within the area studied, the Marshall 
soils occupy the ridge-tops and the Monona soils the steeper 
slopes so that there is a tendency for slope to be confounded 
with soil type. It was therefore desirable to design the ex­
periment so that an independent analysis of the effect of 
slope could be made. 
In consultation with a station statistician^ it was de­
cided to use a design employing a number of uniform sub-
experiments, each being established on a particular soil con­
dition. Each sub-experiment consisted of five nitrogen rates 
•4)r. T. W. Horner, Statistics Department, Iowa State 
University of Science and Technology. 
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with two replications or a total of ten plots at each loca­
tion. It was deemed desirable to have more locations repre­
sented rather than greater precision on each location. There­
fore only two replicates were used in each sub-experiment. 
The aim was to locate these small, uniform sub-experiments 
over the existing range of surface soil thickness and to have 
a uniform thickness of surface soil at each location. 
In general, the soils with the thicker surface horizon 
occurred on the more gentle slopes and the soils with the 
thinner surface horizon occurred on the steeper slopes. 
There was, however, some variation in surface soil thickness 
within any one slope group. 
In 1957 and 1958, 26 and 29 of these sub-experiments 
were established, respectively. These sub-experiments were 
located in farmer-operated corn fields and were located on 
smooth slopes to avoid point rows and possible rilling. The 
plot areas were treated exactly the same as the remainder 
ofXthe field except that, where possible, the fertilizer 
applied by the farmer was omitted on this area. No control 
was attempted concerning tillage method, planting rate, date 
of planting or hybrid used. * 
In most cases, the phosphorus fertilizer was broadcast 
and plowed under or disced in. Phosphorus fertilizer was 
applied at the rate of 45 pounds of PgOg per acre in 1957 
and at the rate of approximately 60 pounds of PgOg per acre 
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in IS58. This phosphorus fertilizer was "broadcast in a uni­
form manner over the site with sufficient extra area to permit 
some shifting of the ultimate sub-experiment within the 
phosphorus-treated area. However, in seven of the 29 sub-
experiments in 1958 the corn was side-dressed after emergence 
with phosphorus fertilizer using a Planet-Jr. applicator, with 
rates between 50 and 60 pounds of Pg0$ per acre. 
After the corn was planted, these small sub-experiments 
were located within the area on which the phosphorus ferti­
lizer had been applied so that the corn rows could be used as 
guides in determining the exact boundaries of the plots. 
A set of composite soil samples was obtained from each 
replicate by depth intervals of 0-6, 6-12, 12-24 and 24-36 
inches for laboratory analyses. The 0-6 inch samples were 
taken before and the other samples were taken after the 
application of the phosphorus fertilizer. 
Ammonium nitrate was applied by hand to the surface of 
the plots previous to the first cultivation at the rates of 
0, 50, 100, 150 and 200 pounds of nitrogen (N) per acre. 
No treatment was applied for European Corn Borer control 
in 1957 but in 1958 the first brood was effectively controlled 
by hand application of granular DDT. 
When approximately 75$ of the ear silks had emerged, 
samples were collected of the 7th leaf, the one opposite and 
below the principal ear, from all plots for chemical analyses 
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in the laboratory. 
When the corn grain had dried to below 30% moisture, the 
corn from the individual plots was harvested, weighed and 
sampled for moisture for calculation of the yield per acre 
of shelled corn at 15.5# moisture. Barren stalks, double ears 
and total number of ears were recorded for each plot for pur­
poses of determining the stand. In 1958, corn borer cavities 
were counted in a 10-stalk random sample from the experimental 
area. 
2. Study of effect of artificially-
exposed subsoil on corn yield 
It is evident that under most conditions the thickness of 
the Â]_ horizon is some function of the magnitude of the asso­
ciated slope. Although Murray jet al. (24) had concluded 
earlier that slope in itself had a relatively unimportant 
effect on corn yield, they had found it impossible to separate 
the slope variable from that of surface thickness in their 
effects on corn yield. Under the conditions of this study 
there was no concerted attempt made to vary the surface soil 
thickness independently of the slope variable. The range of 
surface soil thickness that occurred on any given slope fur­
nished one measure of the independent effect of surface thick­
ness on yield. To evaluate the effect of surface thickness 
differences alone on corn yield independent of slope would 
necessitate holding slope constant and varying the surface 
17 
thickness artificially. This was done at the Soil Conserva­
tion Farm on Marshall silt loam in 1957, where the A]_ horizon 
was removed mechanically from three plots, each being located 
immediately adjacent to a paired plot with original A^ horizon 
intact. Each plot was in turn subdivided into five sub-plots, 
each of which received a randomly assigned nitrogen treatment. 
A diagram of the experiment is presented in Figure 3. 
B. Laboratory Procedures 
The soil samples from the experimental areas were placed 
in refrigerated storage in moist condition. Subsequent anal­
yses were made by the Soil Testing Laboratory, Iowa State 
University, Ames, Iowa. Initial nitrate and nitrifiable 
nitrogen determinations were made using the method described 
by Stanford and Hanway (33). Available phosphorus was deter­
mined according to Bray and Kurtz's method No. 1 (7). Avail­
able potassium was determined with a flame photometer using 
ammonium acetate extract. The pH of the soil samples was 
measured with a glass electrode in a 1:2 soil-water suspen­
sion. 
In addition, the total carbon content was determined by 
the dry combustion method on soil samples from the 0-6 and 
6-12 inch layers according to the procedure given by Black 
( 6). Due to the absence of -free CaCOg in the soils used in 
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Figure 3. Diagram of the Artificially-Exposed Subsoil 
Experiment at the Soil Conservation Farm 
near Clarinda 
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essentially that of organic carbon. 
The leaf samples were analyzed for nitrogen, phosphorus 
and potassium in the laboratory.^ 
1These samples were analyzed under the direction of Dr. 
J. J. Hanway using procedures modified by him. For a detailed 
description of the procedures, refer to Ericson (13). 
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IV. RESULTS AND DISCUSSION 
For ease and clarity of presentation this chapter is sub­
divided into two main sections. The first section is devoted 
to the presentation of the results obtained from the study of 
the effect of natural surface soil thickness on corn yield. 
By natural surface soil thickness it is meant that no changes 
were made with regard to the surface thickness on the experi­
mental location. This section will be further subdivided 
into Statistical and Agronomic subsections because of the 
large amount of statistical treatment required for this ex­
periment. The second section of this chapter is devoted to 
the results of the Artificially-Exposed Subsoil Experiment at 
the Soil Conservation Farm. 
A. Effect of Natural Surface Soil Thickness 
on Corn Yield 
1. Statistical 
The primary interest in this study was in the possible 
substitution of nitrogen fertilizer for surface soil thick­
ness. Therefore the variables of nitrogen fertilizer, sur­
face thickness (characterized by organic carbon) and yield of 
corn per acre were of prime importance. However, it was 
assumed that other variables which were not of direct inter­
est would also cause variations in corn yield. Accordingly, 
to gain precision where desired, it was considered necessary 
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to include a number of associated soil, site and management 
variables in an effort to reduce the error variance. 
Several of the variables needed to be expressed in suit­
able numerical terms for inclusion in the regression analyses. 
Some descriptive properties associated with the sites are 
not normally expressed numerically and thus had to be coded. 
If any prior knowledge existed as to the effect on yield of 
a series (more than two) of these non-numerical character­
istics, they were arranged consecutively from greatest effect 
to least effect or vice versa before consecutive code numbers 
were assigned. Where the particular property is normally 
measured in quantitative terms, no problem existed as this 
measurement was used directly in the analyses. 
The two soils, Marshall and Monona, were numbered one 
and two, respectively. The factor of slope gradient was 
represented by using the percent slope (number of feet rise 
or fall per 100 feet horizontal) as measured by a hand level 
on the site. Aspect (direction of slope) was characterized 
by the respective sine and cosine values corresponding to the 
particular direction of the slope.^ Figure 4 shows graphical­
ly the distribution of the experiments with respect to direc­
tion of slope. 
-'-The characterization of aspect by use of the sine and 
cosine values was suggested by Dr. Oscar Kempthorne, Statis­
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Figure 4. Illustration of the distribution of the 
sub-experiments with respect to aspect 
for the years in which the study was 
conducted (the distance these points are 
from the center of the diagram has no 
significance) 
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The factor of surface soil thickness vas expressed "by-
organic carbon percentages for the 0-6 and 6-12 inch soil 
layers. The organic carbon values were used in the regres­
sion analysis rather than surface thickness measured visually 
in the field for two reasons: (a) the concentration of or­
ganic matter could not be estimated accurately by merely 
determining the thickness and (b) when surface thickness was 
less than plow depth, no visual estimate of surface thickness 
was possible because of mixing of surface soil and subsoil. 
The translation of the organic carbon determinations 
into corresponding surface soil thicknesses is somewhat arbi­
trary in that a concentration measurement is being changed 
into a linear measurement. However, in view of the high 
positive correlation between these two measurements, it 
appears that it can be estimated. The correlation coeffi­
cients (r) between the surface soil thickness estimated 
visually and organic carbon content of the 0-5 and 6-12 inch 
soil layers were 0.66** and 0.72**, respectively. Conse­
quently, the translation of average organic carbon contents 
into approximate corresponding surface thicknesses by the 
erosion classes used in the soil mapping procedure in the 
study area is given in Table 1. 
The change in concentration of organic carbon as a func­
tion of slope is shown in Figure 5, which gives the regression 
of organic carbon for both 0-6 inch and 6-12 inch layers on 
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Table 1. The translation of organic carbon content (averaged 
over the 0-6 and 6-12 inch layers) into approximate 
surface soil thickness according to the erosion 
classes used in the study area 
Erosion Range in thickness 
class of remaining surface 
1  7 - 1 2  i n c h e s  
2  3 - 7  I n c h e s  
3  0 - 3  i n c h e s  
Range in organic carbon 
content averaged over the 
0-6 and 6-12 inch soil layers 
1.7 - 2.0% 
1.2 - 1.7# 
0.5 - 1.2# 
slope. Correlations between slope and organic carbon in the 
0-6 inch layer and between slope and organic carbon in the 
6—12 inch layer were expected to be similar because of the 
high correlation between the organic carbon contents of the 
two layers (r = 0.93**). The concentration of carbon appar­
ently decreases more rapidly in the 6-12 inch layer as the 
slope increases than in the 0-6 inch layer. One explanation 
is that the 6-12 inch material is encroaching on the C horizon 
on the steeper positions, which would be expected to have a 
lower content of organic matter than either the A or B hori­
zons. Another cause for the difference in the rate of change 
between the two curves is that any additions of manure and 
crop residue to the surface would tend to affect primarily 
the organic matter content of the 0-6 inch layer. This would 
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Figure 5. The regressions of organic carbon content on slope 
for the 0-6 and 6-12 inch sampling layers 
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in the plow layer than in the deeper layers. 
Initial nitrate determinations were expressed in parts 
per million, with all layers down to 36 inches averaged to­
gether to give one value for the profile. 
Nitrifiable nitrogen was also expressed in parts per 
million. For the profile, three values were used: the con­
centration in the 0-6 inch layer, the concentration in the 
6-12 inch layer and the average concentration in the 12-24 
and 24-36 inch layers. 
Crop sequence was recorded as the number of years since 
the last meadow crop with the inclusion of certain sequences 
as partial values. Table 2 gives the values used for the 
various combinations encountered. 
Table 2. Code numbers assigned to- the various crop sequence 
combinations encountered 
Sequence Code number 
Meadow - corn 1.0 
Oats (clover) - corn 1.5 
Meadow - corn - corn 2.0 
Meadow - corn - oats - corn 2.5 
Meadow - corn - corn - corn 3.0 
Meadow - corn - corn - corn - corn 4.0 
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The nitrogen fertilizer treatments were recorded as the 
actual pounds per acre of nitrogen (N) added and included any 
nitrogen applied by the farmer to the area. 
The typical tillage methods used by the farmers and the 
code numbers assigned are given in Table 3. Tillage methods 
Table 3. Code numbers assigned to the various tillage 
methods encountered 
Tillage method Code number 
Plowed and surface planted 1 
Plowed and listed 2 
Disced and surface planted 3 
Disced and listed 4 
were coded in this manner since it was assumed that yields 
would generally be highest with the plowed-surface planted 
combination and lowest with the disc-list combination. This 
assumption might not hold true in a dry year when the effects 
of these tillage practices on yield may be reversed from the 
order given in Table 3. 
The planting dates were recorded by the actual date of 
the month in which they began, adding on the dates for those 
which occurred in the following month. The silking dates 
were ranked in order and numbered in units of days, beginning 
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with number one. The intervals (in days) between silking 
dates were preserved. 
The population of corn plants was expressed by the number 
of stalks per plot which, in all cases, was adjusted to the 
average plot size, 1/233 of an acre. 
The leaf nitrogen and phosphorus contents of the seventh 
leaf were recorded as percentages expressed on an oven-dry 
basis. 
Corn borer damage was characterized by the average number 
of cavities found in a 10-stalk sample taken at random from 
the experimental area. This was done only in 1958. 
Weed growth was grouped according to the categories of 
weedless, moderately weedy and very weedy. These groups were 
then numbered 1, 2 and 3, respectively, for purposes of the 
analyses. This also was done in 1958 only. 
Of the 26 sub-experiments established in 1957, data from 
19 were used in the analyses. The principal reasons for re­
jection of seven of the sub-experiments were severe European 
Corn Borer infestation and very low plant populations result­
ing from spring storm damage. In 1958, 26 of the 29 estab­
lished sub-experiments were used in multiple regression anal­
yses. The loss of the three sub-experiments was due to severe 
corn rootworm infestations coupled with wind damage. 
The data were submitted to the Iowa State University 
Statistical Laboratory for all of the subsequent analyses 
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needed for this study.^ The general procedure of the analysis 
consisted first of the punching of the raw data submitted 
according to the above criteria on IBM input cards. These 
cards were then processed through the IBM 650 Computer to ob­
tain the sums of squares and cross products for all the vari­
ables as well as the simple correlation coefficients between 
the variables. The sums of squares and cross products for 
selected X-variables were then punched on IBM cards and the 
matrix inverted by the IBM Computer. The partial regression 
coefficients also were calculated and included in the output 
along with the inverse matrix (c^j values). 
Anderson arid Bancroft (4) assume the general model of 
the multiple regression equation to be: 
Y =/* +IZ,/3ixi + f 
1=1 
where Y is the population dependent variate,ya is the popu­
lation mean, Jg ^ is the population partial regression coeffi­
cient, x^ is the deviation of the X variate from its mean 
(x%), r equals the number of independent variates, and 6 is 
the true error. 
The model for estimating the population parameters : 
« _ _ r. r 
Y = Y +^ b^X^ + e - a (constant) + ^  * b^X, + e 
i=l 1=1 
1The statistical analyses were initiated under the direc­
tion of Dr. Emii Jebe, Statistics Department, Iowa State Uni­
versity of Science and Technology. 
30 
A _ 
where Y is the estimated dependent variate, Y is the observed 
mean, b^ is the estimated regression coefficient, and e is 
the individual residual error. 
The regression equations, standard errors of the partial 
regression coefficients and t tests were calculated according 
to Anderson and Bancroft (4). 
The variables which were ultimately used in the regression 
analyses, their abbreviations and the X-numbers by which they 
are represented in each model are listed in Table 4. The 
ranges and means of observed values for these selected vari­
ables are presented in Table 5. 
An initial equation, employing all of the main effects 
described in the first part of this section, was calculated 
from the data of each of the years, 1957 and 1958. These 
multiple linear regression equations, called the Main Effects -
Complete Model, are shown in Table 6. 
For the 1957 data, 18 variables were included in the re­
gression equation; for the 1958 data, two additional variables, 
number of corn borer cavities and weed growth, were included 
in the regression equation. 
Several variables were then deleted from the Main 
Effects - Complete Model. This revised model, called the 
Main Effects - Reduced Model, included 10 variates for each 
year, 1957 and 1958. 
The criteria used in deciding what deletions to make 
Table 4. Variables selected for regression analyses, their abbreviations, end 
regression models in which they appear 
X variatea included in the 
following models 
Main 
Effects - Main 
Complete Effects - Ourvl-
Variable X variate 1967 1958 Reduced Linear linear 
Soil type 
% slope 
Aspect - sine value 
- cosine value 









Crop sequence (coded) 
Applied N (lbs./A.) 
Tillage method (coded) 
Planting date (days) 
Silking date (days) 
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Table 4. (Continued) 
X varlates included In the 
following models 
Main 
Effects - Main 
Complete Effects - Curvi-
Variable X variate 1957 1958 Reduced Linear linear 
% N in seventh leaf 
% P in seventh leaf 
Weed growth (grouping) 
Corn borer cavities 
(per stalk) 
% slope x crop sequence 
% slope x applied N 
% carbon x crop sequence 
% carbon x applied N 
% carbon x 
stalks pei^ plot 
Crop sequence x applied N 
Crop sequence x 
stalks per plot 
Applied N x 
stalks per plot 
Applied N x % leaf P 
Stalks per plot 
x % leaf N 
Stalks per plot 
x % leaf P 





% S x Crop 
% S x N 
% C x Crop 
% 0 x N 
% C x St. 
Crop x N 
Crop x St. 
N x St. 
N x % P 
St. x % N 
St. x % P 




































Table 5. Ranges and means of observed values for 
regression analyses 
1957 















T. meth. (coded) 
PI. date (days) 







1 to 2 1.32 
0.5 to 12.0 ' 5.24 
0.25 to 144.00 38.260 
-1.00 to 1.00 0.116 
-1.00 to 1.00 0.226 
0.90 to 2.16 1.706 
0.38 to 1.91 1.497 
0.64 to 1.96 1.601 
0.41 to 3.84 2.682 
2 to 24 12.62 
19 to 53 35.0 
2 to 31 14.2 
2 to 13 7.6 
2.0 to 4.0 3.16 
0 to 260 108.5 
0 to 67,600 17,025.0 
1 to 3 1.79 
12 to 39 19.1 
1 to 15 8.4 
35 to 67 43.87 
1,226 to 3,249 1,937.75 
1.9 to 3.4 3.03 
3.61 to 11.56 9.209 
0.26 to 0.39 0.311 
0.068 to 0.152 0.0968 
variables selected for 
1958 
Range Mean 
1 to 2 1.46 
0.5 to 12.0 6.31 
0.25 to 144.00 52.635 
-1.00 to 1.00 0.043 
-1.00 to 1.00 0.220 
1.09 to 2.24 1.678 
0.46 to 1.94 1.333 
0.82 to 2.09 1.506 
0.67 to 4.37 2.410 
6 to 27 14.37 
14 to 46 27.1 
2 to 28 10.4 
1 to 14 3.9 
1.0 to 4.0 2.88 
0 to 300 106.9 
0 to 90,000 16,923.1 
1 to 4 2.08 
10 to 34 18.2 
1 to 21 5.9 
27 to 76 48.79 
469 to 6,776 2,440.89 
2.2 to 4.1 3.37 
4.84 to 16.81 11.431 
0.23 to 0.44 0.365 
0.063 to 0.194 0.1345 
Table 5. (Continued) 
1957 1958 
Variable Range Mean Range Mean 
Weeds (coded) 1 to 3 2.2 
Borers - - - 1.2 to 5.9 3.27 
% S x Crop 2.0 to 36.0 16.17 1.5 to 42.0 18.64 
% S x N 0 to 2,400 546.9 0 to 2,400 646.0 
% C x Crop 1.40 to 12.12 6.545 1.66 to 7.14 4.273 
% 0 x N 0.0 to 452.0 175.36 0.0 to 627.0 163.67 
% C x S 26.24 to 111.72 70.434 25.02 to 146.72 74.213 
Crop x N 0 to 1,040 344.7 0 to 800 304.2 
Crop x S 78.0 to 200.0 137.88 37.4 to 231.0 140.11 
N x S 0 to 11,960 4,757.7 0 to 15,420 5,248.0 
N x % P 0.00 to 85.80 ' 33.855 0.00 to 117.00 39.533 
S x % N 95.8 to 270.6 133.44 68.2 to 251.9 163.95 
S x # P 10.73 to 16.77 13.630 9.52 to 28.90 17.838 
% N x % P 0.51 to 1.12 0.943 0.68 to 1.60 1.232 
Yield bu./A. 63.1 to 125.3 88.18 45.2 to 138.5 94.04 
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Table 6. Multiple regression statistics for the Main 
Effect - Complete Model of corn yield (Y) on 
selected X variâtes 
„ Equation Sign. 
Year Variate Y = a^} b^X^ sCb^) t level8 
(constant) -41.9 
Soil -21.079 Xx 5.344 3.94 ** 
# S +2.9864 X2 0.8074 3.70 ** 
Sine +1.9619 Xg 3.330 0.59 >0.50 




 +35.343 X5 10.741 3.29 ** 
2 Cg -20.992 X6 8.785 2.39 * 
In. N03 -0.2750 X7 0.2361 1.16 0.25 
Nit. N 0-6" -0.1406 Xg 0.1162 1.21 0.23 
6-12" -0.4517 Xg 0.2760 1.64 0.10 
12-36" +1.7259 X1Q 0.6000 2.88 ** 
Crop -0.4212 Xn 0.9605 0.44 >0.50 
N +0.00846 X^g 0.00888 0.95 0.34 
T. meth .  +2.8729 X13 1.8247 1.57 0.12 
Pi. date +0.4 564 X /^L 0.2111 2.16 * 
Sk. date -0.9642 X15 0.3304 2.92 ** 
St. +1.4653 Xl6 0.2170 6.75 ** 
# N +8.730 X-^7 3.094 2.82 ## 
# P +65.694 Xjg 36.964 1.78 0.08 
^Significance probability level. 
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Table 6. (Continued) 
a Equation Sign. 
Year Variate Y = a-£3 bixi s(bi) t level 
(constant) 25.1 
Soil +10.313 X1 4.0660 2.-54 
* 
to 
-1.991 X2 0.4495 4.43 
** 
Sine +2.499 X3 1.1770 2.12 
* 




 -7.509 X5 5.676 1.32 0.19 
% Cg +16.067 X6 4.925 3.26 ** 
In. N03 +0.1257 X7 0.1748 0.72 0.47 
Nit. N 0-6 " -0.3283 X8 0.0907 3.62 ** 
6-12" +0.7957 0.2153 3.70 ** 
12-36" -1.694 
*10 0.3709 4.57 
** 
Crop -5.244 X11 0.7595 6-90 ** 
N +0.0104 x12 0.00788 1.32 0.19 
T. meth. -1.8014 X13 0.6765 2.66 
**• 
Pi. date -0.6110 X14 0.1857 3.29 
*# 
Sk. date -0.5185 X15 0.2630 1.97 
# 
St. +1.133 X16 0.0853 13.28 ** 
% N +3.173 X17 2.409 1.32 0.19 
# P +113.22 x18 23.469 4.82 ** 
Weeds -4.0131 X19 1.5335 2.62 
** 
Borers -1.1062 X20 0.5757 1.92 0.03 
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from the Main Effects - Complete Model were mainly the magni­
tude of the correlation coefficients "between independent vari­
ables and the t tests obtained for the individual b values. 
Where the correlation coefficients were quite high between 
two variables, one of these was usually deleted from future 
models. Including two variables which are highly correlated 
usually results in relatively little gain in the over in­
cluding just one. The simple correlation coefficients (r) 
between the variables included in the Main Effects - Complete 
Model are shown in Tables 7 and 8 for 1957 end 1958, respec­
tively. 
Dumenil (12) assumed in his study using multiple regres­
sion equations that the variate should be retained in the 
equation if the partial regression coefficient is equal to 
or greater than its standard error. The probability of ob­
taining a t value equal to one by chance alone is about 0.32 
according to the t distribution in Anderson and Bancroft (4) 
based on error degrees of freedom. 
Soil type was deleted from the Main Effects - Complete 
Model mainly because of its very high correlation with slope 
and average organic carbon content. These r values were .85** 
and -.79**, respectively, for 1957. In 1958, these r values 
were .89** and -.74**, respectively. The nitrifiable nitrogen 
was deleted in turn because of its rather high correlation 
with organic carbon content, particularly in deeper sampling 
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 .0 c? 
;i C 
(av.) 
In. Mit. 7 
Sine Cos H 
0
 0-6" 6-12" 12-36" 
1 Soil .85* .31 -.2$ -.75 -.80 -.79 -.60 -.05 -.67 -.37 
2 % S 1.00 .60 .00 -.35 — .83 -.83 -.62 -.13 -.66 -.55 
3 Aspect - Sine 1.00 —.1Ù -.50 -.61; -.63 -.63 .23 -.70 -•7b 
I; - Cos 1.00 .26 .16 .21 .08 .05 .02 .15 
5 p On 1.00 • 95 .98 .62 .26 .70 .73 
6 2 02 . 1.00 .99 •53 .26 • 76 .dit 
7 % C (av.) 1.00 .58 .26 .75 • S3 
8 In. NO3" 1.00 -.21; .66 .où 
9 Nit. N 0-6" 1.00 .Oit .03 
10 6-12" 1.00 .73 




11; T. xaeth. 
15-PI. date 
16 Sk. date 
17 St. 
18 % % 
19 % ? 
20 Yield 
8i£umber of observations = 190. Values of r greater than O.liiJ and 0.187 are significant 
S variâtes and between these 2 variâtes and yield (Y) for the 1957 data 
0-6" 
Nit. rJ 




date date Ou* % p 
Yield 
bu./à. 
-.05 -.67 -.87 -.06 -.08 -.12 -.61 -.02 -.02 — .lù -.11 -•3ù 1 
-.13 -.66 -.55 -.16 -.09 -.35 -.33 .15 -.12 -.16 . Il; -.29 2 
.23 -.70 -•7ù -.22 -.06 -.02 -.79 -.20 .19 -.07 -.17 -.26 3 
.05 .02 .15 -.06 .01 -.où .12 -.lù .28 .10 .09 -.05 ù 
.26 .70 .73 .20 .06 .20 .48 -.13 .iy .08 -.21 .23 5 
.26 • 76 .ùU .27 .06 .29 •ù8 -.06 .11 .08 -.22 .19 6 
.26 .75 .83 .25 .06 .26 •Ù9 -.09 •lù .08 -.22 .21 7 
-.21; .66 .où .07 .où .22 •50 -.lù .13 .30 .08 .37 8 
L.QO .Où .03 -.11 .01 . .16 -.01; .OÙ .06 -.13 -.13 -.10 9 
1.00 .73 .22 .03 •ùo .52 .17 -.02 .15 .03 .17 10 
1.00 .18 .05 .26 •53 .12 -.05 .16 .02 . .25 11 
1.00 .03 .06 .16 .12 -.23 .11 -.32 -.20 12 
1.00 -.01 .07 -.01 -.02 •35 • 07 .13 13 
1.00 -.02 .lù - .OÙ .02 -.09 .lù H; 
1.00 .39 -.19 .03 .16 .25 15 
1.00 
-•Ù7 -.26 .28 -.22 16 
1.00 .10 -.17 .33 17 
1.00 •15 .29 18 
1.00 • 17 19 
1.00 20 
id 0.1Ô7 are significant at the $% and 1% levels, respectively. 
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Table 8. Linear correlation coefficients (r) between tl ie Mai n Effect J. variates and be tue 
% S 
Aspect 






Crop Sine Cos 0-c" 6-12" 12-30" 
1 Soil .89* .03 -.12 -.65 -• 77 -•7k -.06 .11 -.56 -.55 .15 -.09 
2 % S 1.00 .19 .ob 
-•55 -.66 -.63 .01 .20 -.37 -.13 .15 -.11 
3 Aspect - Sine 1.00 .13 -.09 -.27 -.20 .09 .22 .Oh .07 —.08 .00 
ij. - Cos 1.00 •15 .10 .12 •25 -.03 .19 .07 -.02 .01 






 .91 .97 .56 .17 • 7 6 • 76 -.21 .03 
o 2 Cg 1 .00 .99 .39 .05 .73 .72 -•2b .09 
7 % c (av.) 1.00 .b7 .10 • 76 •75 -.23 .09 
8 In. : KOj" 1.00 .38 •bo .53 -.16 .10 
9 Kit. N 0-6" 1.00 .26 .20 .04 -.05 
10 6-12" 1.00 .79 -.03 .06 
11 12-36» 1.00 -.18 .12 
12 Crop 1.00 -.07 
13 M 1.00 
lU T. meth. 
15 Pl. date 
16 Sk. date 
17 St. 
18 
19 % P 
20 Weeds 
21 Borers 
22 Yield bu./A. 
aîlumber of observations = 260. Values of r greater than 0.123 and 0.162 are signifie, 
Effect J. variâtes and between these :£ vari ate s and yield (") for the 1953 data 
i—o" 
"it. : 




date date St. ;S I-: •;i p usees .borers 
Yield 
on./A . 
.11 -.56 -.55 .13 -.09 -.ho .12 .06 -.10 .oh -.16 • lii -.02 -.37 1 
.20 
-.37 -.13 .15 -.11 ~.3h .Hi .20 -.Hi .09 -.25 .04 .05 -.ho 2 
.22 .Oh .07 —.08 .00 -.02 .22 .20 .15 -.01 -.26 -.15 .21= -.13 3 
.03 .19 .07 -.02 .01 -.01 -.03 .20 -.02 -.14 -.06 .02 .17 -.07 4 
.17 • 7 6 • 76 -.21 .03 .03 -.33 ~.2h • 32 -.11 • 30 -.22 -.17 • 57 5 




 • 76 •75 -.23 .09 .13 -.30 -.22 .25 -.12 • 31 -.23 -.16 .56 7 
.38 .ho .53 -.16 .10 -.26 -.21 .05 .ho -.13 .20 -.37 -.06 • 3ii 8 
.00 .26 .20 .oh -.05 -.26 .07 .19 .33 -.05 -.35 -.39 .10 -.01; 9 
1.00 .79 -.03 .06 -.01 -.15 -.06 .21 -.05 .07 -.31 -.07 .35 10 
1.00 -.18 .12 .Oit -.10 -.02 .29 -.10 .19 
-.35 -.10 .37 11 
1.00 -.07 -.15 -.07 -.11 -.10 • 21; -.0? • 38 .08 -•3ii 12 
1.00 -.03 -.02 -.Ok .05 • 36 .21 -.07 -.02 .18 13 
1.00 .13 .25 -.37 .10 -.06 • 14 .18 -.21; lli 
1.00 
.77 -.12 -.12 -.32 -.48 .61; -.hi 15 
1.00 -.08 -.21 -.33 -.52 .70 -.50 16 
1.00 
-.19 .06 -«35 -.06 • cl 17 
1.00 .17 •33 -.10 -.08 18 
1.00 .00 -.21 .50 19 
1.00 
-.30 -.18 20 
1.00 -.i;0 21 
1.00 22 
•123 and 0.162 are significant at the 5/i and 1,» levels, respectively. 
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layers. The initial nitrate values, although significantly 
correlated with yield, had non-significant partial regression 
coefficients in the Main Effects - Complete Model. 
The organic carbon contents for the 0-6 and 6-12 inch 
sampling layers were also highly correlated, the r values 
being 0.95** and 0.91** for 1957 and 1958, respectively. It 
was decided to substitute the average carbon content for these 
two sampling layers in subsequent regression analyses. 
The planting date variable was deleted from the Main 
Effects - Complete Model because of the high correlation of 
the planting dates (r = 0.39** and 0.77** for 1957 and 1958, 
respectively) with the silking dates. It was assumed that the 
silking dates would be a more sensitive measure of the matur­
ity date of the corn than would be the planting dates. 
The sine value of slope direction was deleted primarily 
due to a low t value (0.59) in 1957 as well as a very high 
correlation (r = 0.81**) with soil type in the same year. 
The latter was apparently due to a larger number of sub-
experiments inadvertently located on north-facing Monona 
positions than on north-facing Marshall positions. 
It was considered possible that a combined equation for 
the two years could be computed at a later stage of analysis. 
In that case the model would have to be identical for both 
years. Therefore, to make the 1958 Main Effect - Reduced 
Model identical with that of the one for 1957, the variables 
of sine (aspect), weed growth and borer cavities were deleted 
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although the t tests indicated that their partial regression 
coefficients were significantly different from zero. The re­
sulting equations are presented in Table 9. 
Next, pertinent curvilinear terms and two-factor inter­
actions were selected using only the 10 main effects employed 
in the Main Effects - Reduced Model. 
The sums of squares, cross products end correlation 
coefficients for this different set of variates were comput­
ed. The regression statistics for two additional models were 
then calculated. The first of these, called the Linear Model, 
included the 10 main effects mentioned above plus 12 selected 
two-factor interactions, for a total of 22 X variates. The 
regression equations for both years for the Linear Model are 
given in Table 10. The second, called the Curvilinear Model, 
included the 10 main effects, the 12 selected two-factor 
interactions and six selected squared terms, for a total of 
28 X variates. The regression equations for the Curvilinear 
Model are given in Table 11» The simple correlation coeffi­
cients (r) between these terms are presented in Tables 12 and 
13 for 1957 and 1958, respectively. 
The application of analysis of variance according to 
Anderson and Bancroft (4) to determine whether the regression 
models chosen account for a significant portion of the vari­
ations in the dependent variable is given in Table 14. The 
F test Indicates that the X variates selected in all models 
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Table 9. Multiple regression statistics for the Main 
Effects - Reduced Model of corn yield (Y) on 
selected X variates 
Year Variate 
a Equation 
Y = atF%b^X^ s(b^) t 
Sign. 
level5 
1957 (constant) -35.7 
2 S -0.4066 Xx 0.5017 0.81 . 0.42 
Cos -5.703 Xg 1.5214 3.75 ** 
# C +7.880 X3 5.1124 1.54 0.13 
Crop —2.0132 X4 0.9866 2.04 # 
N +0.00498 X5 0.00995 0.50 >0.50 
T. meth. -2.7417 X6 1.5642 1.75 0.07 
Sk. date -0.07841 X7 0.2874 0.27 >0.50 
St. +1.2753 Xg 0.2342 5-44 ** 
# N +9.7209 Xg 3.2916 2.95 ** 
^ P +130.77 X1Q 38.86 3.36 ** 
1958 ( constant) 12.7 
% S -0.8977 Xx 0.2203 4.07 #* 
Cos -0.1354 X2 0.8760 0.16 >0.50 
% C +8.005 Xg 2.005 3.99 ** 
Crop -6.2903 X4 0.7211 8.72 ** 
N +0.01501 X5 0.00829 1.81 0.07 
T. meth. -1.6087 Xg 0.5297 3.04 #» 
Sk. date -1.1895 X? 0.1244 9.56 *# 
St. +1.1172 Xg 0.0820 13.62 ** 
% N -1.017 Xg 2.3350 0.44 >0.50 
+139.076 X1Q 20.020 6-95 ## 
^Significance probability level. 
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Table 10. Multiple regression statistics for the Linear 
Model of corn yield ( Y) on selected X variates 
a Equation Sign. 
Year Variate Y = a-tyT^bj Xj s(b^) t level® 
1957 ( constant) 148-6 
% s -0.6810 X1 1.5004 0.45 >0.50 
Cos -4.5115 %2 1.5637 2.88 ** 
2 c -7.584 X3 36.830 0.21 >0.50 
Crop -1.1787 x4 10.816 0.11 >0.50 
N +0.1670 x5 0.2566 0.65 >0.50 
T. meth. —3.860 X6 1.7867 2.16 * 
Sk. date -0.3311 x7 0.3034 1.09 0.28 
St. -4.9214 X8 4.5232 1.09 0.28 
% N +20.195 *9 35.994 0.56 >0.50 
# P -216.66 X10 575.08 0.38 >0.50 
% S x Crop +0.0796 X11 0.3577 0.22 >0.50 
% S x N —0.00829 X^g 0.00565 1.49 0.14 
% C x Crop -3.9862 X13 0.7264 5.49 ** 
% C x N -0.1436 X14 0.05664 2.54 * 
% C x St. +0.7410 X15 0.8628 0.86 0.39 
Crop x N +0.00722 X16 0.0121 0.60 >0.50 
Crop x St. +0.1864 X17 0.2389 0.78 0.44 
N x St. +0.00341 X18 0.00285 1.20 0.23 
N x % P -0.1591 X19 0.4808 0.33 >0.50 
^Significance probability level. 
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Year Variate Y = a-^bjXi t level 
St. x % N +0.01394 : X20 0.0629 0.22 >0-50 
St. x % P +12.962 X21 12.133 1.07 0.29 
N x # P -48.207 
^2 116.20 0.41 >0.50 
1958 (constant) -259.5 
^ S -1.1056 X1 0.7650 1.45 0.15 
Cos +0.7873 X2 0.9273 0.85 0.40 
% C +22.806 15.972 1.43 0.16 
Crop -0.5685 x4 7.959 0.07 >0.50 
N +0.00299 X5 0.1185 0.02 ->0.50 
T. meth. -1.055 % 0.6727 1.57 0.12 
Sk. date -1.193 X7 0.1289 9.26 
** 
St. +1.902 *8 1.106 1.72 0.09 
% N +113.04 *9 25.981 4.35 ** 
^ P +753.73 X10 250.88 3.00 
** 
% S x Crop +0.1624 X11 0.2415 0.67 >0.50 
% S x N +0.0010 X12 0.00265 0.38 >0.50 
% C x Crop -0•560 X13 3.0533 0.18 >0.50 
% C x N -0.0195 X14 0.02648 0.74 0.46 
ZC x St. -0.2058 ^ 5 0.2097 0.98 0.33 
Crop x K -0.0127 X16 0.00942 1.35 0.18 
Crop x St. -0.0954 X17 0.1231 0.77 0.44 
N x St. +0 « 00063 Xjg 0.0011 0.57 >0.50 
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Table 10. (Continued) 
Year Variate 
z. Equation 
Y = a+53 bixi s(b^) t 
Sign, 
level 
N x % P +0.10086 Xj^g 0.2574 0.39 >0.50 
St. x % N —0.4952 XgQ 0.3045 1.63 0.10 
St. x % P +3.965 Xg^ 2.780 1.43 0.16 
% N x % P —252.42 Xgg 60.174 4.19 ** 
accounted for a highly significant portion of the variations 
in the dependent variate. 
For a measure of the contribution of the selected inter­
actions and curvilinear terms to the reduction of the variance 
not explained by regression, the analysis of variance in Table 
15 presents the gain of, first, the interaction terms and, 
second, the curvilinear terms when added to those of the Main 
Effects - Reduced Model. The linear interaction terms that 
were included produced highly significant reductions in 
residual error in both years. The curvilinear effects as 
expressed by the squared terms gave a highly significant re­
duction in the residual error in 1958, and gave a reduction 
in residual error in 1957 which was significant at about the 
5% level. 
The R^ (coefficient of multiple determination) values 
calculated according to Anderson and Bancroft (4) for the 
46 
Table 11. Multiple regression statistics for the Curvilinear 
Model™of corn yield (Y) on selected X variates 
* Equation Sign. 
Year Variate Y = a-^3 bixi s(b^) t level & 
1957 (constant) -120.5 
% S +0.6956 X1 2.092 0.33 >0.50 
% s2 -0.1325 X2 0.1469 0.90 0.37 
Cos -4.766 X3 1.6185 2.94 ** 
% C -36.229 X4 41.480 0.87 0.38 
% c2 -1.5508 X5 9.369 0-17 >0.50 
Crop +21.696 X6 16.034 1.35 0.18 
N +0.1557 X7 0.2552 0.61 >0.50 
N2 •0.000385 Xg 0.000139 2.77 ** 
T. meth. -4.3768 
*9 1.969 2.22 * 
Sk. date -0.4486 X10 0.3098 1.45 0.15 
St. +4.776 X11 7.317 0.65 >0.50 
St.2 -0.07455 X12 0.0493 1.51 0.14 
2 N +32.290 X13 36.504 0.88 0.38 
% N2 —1.5045 X14 2.2637 0.66 >0.50 
^ P +50.368 X15 645.48 0.08 >0.50 
% P2 +174.26 X16 215.48 0.81 0.42 
% S x Crop —0.05899 X^ Y 0.3723 0.16 >0.50 
% S x N —0•00965 X^ g 0-00564 1.71 0.09 
% C x Crop -3.796 X19 0.7836 4.84 ** 
^Significance probability level. 
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Table 11. (Continued) 
/x Equation Sign. 
Year Variate Y = a-^3 bixl s(b±) t level 
% C x H —0.1418 XgQ 0 .0564 2.51 * 
% C x St. +1.282 X21 0 .9618 1.33 0.19 
Crop x N +0.00854 X22 0 .0122 0.70 0.48 
Crop x St. -0.3233 Xgg 0 .3502 0.92 0.36 
N x St. +0.00453 Xg4 0 .00283 1.60 0.11 
H x % P —0 «00983 Xgg 0 .4751 0.02 >0.50 
St. x % N +0.00542 Xgg 0 .063 0.09 >0.50 
St. x % P +4.746 XgY 12 .722 0.37 >0.50 
 ^N z ^  P —62.14 Xgg 118 .00 0.53 >0.50 
(constant) -395.1 
% S -0.08114 Xx 1 .0993 0.07 >0.50 
% S2 -0.05659 Xg 0 .0687 0.82 0.41 
Cos +0.4263 X3 1 .0409 0.41 >0.50 
Z c +24.887 X4 19 .455 1.28 0.20 
# C2 -10.679 X5 4 .916 2.17 * 
Crop +3.5359 Xg 8 .110 0.44 >0.50 
N +0.01414 X? 0 .1156 0.12 >0.50 
N2 +0.000049 % 0 .00011 0.45 >0.50 
T. meth. -0.9204 Xg 0 .6570 1.40 0.17 
Sk. date -1.0949 X1Q 0 .1315 8.33 ** 
St. +4.9487 X^ i 1 .3606 3.64 ** 
St.2 -0.02713 X12 0 .0632 0.43 >0.50 
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Table 11. (Continued) 
Year Varlate 
/\ Equation 
Y = a+£ b s(b1) t 
Sign, 
level 
% N +124.48 X13 32.263 3.86 ** 
% N2 -2.1207 X14 4.9566 0.43 >0.50 
+563.42 X15 326.09 1.73 0.09 
% P2 +381.92 X16 362.98 1.05 0.30 
% S x Crop +0.0928 X1? 0.2377 0.39 >0.50 
% S x N +0.000014 X^g ; 0.00261 0.05 >0.50 
% C x Crop —1.3393 X-^g 3.0229 0.44 >0.50 
% C x N —0*0132 XgQ 0.0264 0.50 >0.50 
% C x St. +0.3980 Xg2 0.2388 1.67 0.10 
Crop x N -0.01402 X22 0.00932 1.50 0.14 
Crop x St. —0 «1309 Xgg 0.1234 1.06 0.30 
N x St. +0.00093 X24 0.00112 0.82 0.40 
N x +0.0037 Xgg 0.2586 0.01 >0.50 
St. x % N -0.5515 Xgg 0.3197 1.72 0.19 
St. x % P +1.3944 Xg7 2.7738 0.50 >0.50 
 ^N % ^  P —236.24 X2g 67.4150 1.02 0.30 
various regression models are presented in Table 14. The R2 
indicates that fraction of the variation in the dependent 
variable that can be accounted for by the regression model 
employed. 
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Table 12. Linear correlation coefficients (r) between selected linear, squared, and interactic 
;s 2  Cos 3 G =








St.2 :•> .J if 
1 .3 S .96= .00 -.68 -.68 -.16 -.09 -.10 
1 CO ! l 
.15 -.12 -.13 -.15 -.12 
2 > S2 
8
 
H -.03 -.91; -.93 -.23 -.0o -.03 -.36 .10 -.11; -.15 -.11 -.08 
3 Cos 1.00 .21 .22 -. 05 .01 .02 -.61; -.ill .28 .23 .10 .13 . 
4 r i  , J  V 1.00 .99 .25 .06 .06 .26 -.09 .14 .16 .08 .06 -. 
5 > =
2  1.00 .20 .06 .0? .21 -.10 .11; .15 .11 .08 















-.02 -.02 -.04 -.01; .27 .25 . 
9 T. meth. 1.00 .14 - . 04 -.04 .02 .01 -. 
10 Sk. date 1.00 -.48 -.26 -.27 . 
11 St. 1.00 .99c .10 .12 
12 St.2 ' 1.00 .11 .13 
13 2 If 1.00 .93 




16 ; j P 
17 % S :: Crop 
1 8  %  S x N  
19 % G x Crop 
2 0  x N  
21 ^ 0 x St. 
22 Crop x I-? 
23 Crop x St. 
21; N x St. 
25 K x^P 
26 St. x ^ H 
27 St. x /o ? 
28 # N x ^ P 
29 Y 
aMvmber of observations = 190. Values of r greater than 0.143 and 0.137 are significant 
Interaction terms and betv:een these X variates and yield (") for the 1957 data 
;j' r2 :: ? 
9 
?~ Crop 
5 s ' n V 
Crop 
, 3  w 
X 
' rt 
,•> v Crop 
X 
Crop 
dû . St. s p 
St. St. 
;i P 





.22 .22 .75 • 5 b -.50 -.31 -.88 -.15 -.25 -.09 -.06 -.05 .03 .01; -.26 
.13 .09 .12 -.02 • 00 .ii- .07 .30 .00 .02 .01, .02 .16 .30 .12 -.05 3 
.06 -.22 -.21 -.66 -.51 •50 •34 *9 J .14 .26 .Go .05 .02 -.03 -.06 .21 4 
.08 
-.17 -.17 -.70 -.51 .46 .34 .92 .12 .21 .06 .05 . 04 .00 -.02 .24 5 
.09 -.32 .30 -.09 .33 .10 .11 .95 .01 .01 -.10 -.42 -.10 -.20 6 
.32 .07 .06 -.0: .63 .12 • >'4 .05 » — .03 .99 .9° .16 .03 .29 .13 7 
.25 .O4 .02 -.03 •57 .13 .91 .04 . > .02 • 93? .95 .11 -.01 .22 • 05 3 
.01 -.09 — .0v -.21; -.24 .01 .06 .20 . Ov .04 -.01 -.01 -.04 -.09 -. 04 •H; G 
-.27 .25 .27 >09 .0? -.02 - . O l i  -.27 .02 -.01 -.07 .01 -.3-4 -.20 -.02 -.22 10 
.12 
-.17 -.14 -.11 -.07 -.03 .02 .50 -.10 .07 .10 —.04 .60 .71 -.03 • 30 11 
.13 -.17 -.11 -.13 -.03 -.07 .02 .51 -.10 .07 .10 -.01; .60 •71 -.02 • 33 12 




.15 .12 -.05 .16 .13 .32 .10 •35 .12 • 34 • 33 .66 .21 .30 .26 14 
1.00 .93 
-.13 .12 -.23 .02 -.25 -.02 -.33 .05 .16 .02 •57 • 70 • 17 15 
1.00 -.11 .12 -.26 .01 -.23 -.05 -.41 .04 .14 .02 .53 .65 .16 16 
1.00 .50 -.07 -.26 -.63 .02 .30 -.09 — .Ou -.07 -.20 -.14 
-•35 17 
1.00 -.25 .36 -.40 .51 -.10 .61 .63 • 05 .02 .17 -. 04 18 
1.00 .25 • 40 . h o  .82 .10 .10 -.03 -.22 -.02 -.13 19 
1.00 .30 .89 .10 • 9c .93 .16 .03 .26 .16 20 
1.00 .06 .23 • .11 .03 . 2 k  .25 -.06 • 33 21 
1.00 • 34 .59 .90 .13 -.10 .26 • 05 22 
1.00 .04 .00 .07 -.21 -.12 -.11 23 
1.00 .98 .23 .12 .28 .18 21; 
1.00 .15 .00 • 35 • 11; 25 
1.00 • 51 .46 .37 26 
1.00 •43 •44 27 
1.00 • 30 28 
1.00 29 
lificant at the 5p &nd 1% levels, respectively. 
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Table 13. Linear correlation coefficients (r) betueen selected linear. squared and interaction terms a: 
, 2 




cat e3 st. 2 O b .  h j M2 ; p P2 
1 s .98* .01 -.63 -.63 .15 -.11 
r^
v H
 1 -.3-4 .20 -.14 -.13 .09 .10 -.25 -.26 







 .12 .11 -.02 .01 .02 -.01 .20 -.02 -.03 -.15 -.06 -.0? 
U o 1.00 .99 -.23 .09 .11 .13 -.22 .25 • 23 -.12 -.I4 .31 .29 






















— .0c -. O4 .04 .04 .2 4 .23 .16 .19 
o Ï. :;h. 1.00 .25 -.37 -.36 .10 .12 -.06 -.06 
10 Sk. date 1.00 -.03 -.07 -.21 -.21 -.36 -.36 
11 St. H 8
 
.;9 -.19 -.21 .06 .10 
12 r-j. 2 Ou» 1.00 
-.19 -.21 .07 .09 
13 > M H
 8
 
.997 .17 .15 
14 c ,T2 P IV 1.00 .16 .14 
15 % p 1.00 • 991 
16 ^ 1.00 
17 % S x Crop 
13 s x % 
19 % C x Crop 
20 ^ C x % 
21 C x St. 
22 Crop x H 
23 Crop x St. 
2k M x St. 
25 M x % P 
26 St. x -jo H 
27 St. x ^  ? 
26 ;» M x 2 p 
29 Y 
dumber of observations - 2o0. values of r greater than. 0.123 and 0.162 are significant at the 5^' 
.nd interaction terrr.s and between these X variates and yield (%) for the 1953 data 
Crop Crop St. St. ,-i M 5 s 5 s 5 c n , 3  v  - ' ,-v , J  V  
j ir ; p ;î ?2 Crop Crop 
X A 
T J -O  L> .  
.09 .10 -.25 -.26 .37 .55 -«34 -.30 -•56 
.04 .05 -.24 -.2k • -5 • 54 -.37 -.29 - •52  
-.15 -.06 - . 0?  -.05 .03 .10 .05 .05 
-.12 -.14 .31 .29 -.65 -•34 • 57 .40 • v 
-.10 
-.12 .30 .23 - . 04  -.33 • 5o .41 • 08 
.2b .25 -•OS -.09 .56 .06 .66 -.14 -.20 
.36 •35 .21 .21 -.11 .65 .00 • 92 .10 
.24 .23 .16 .19 -.13 .56 -.01 • 90 .11 
.10 .12 -.06 -.06 -.30 -.20 -.07 .01 -.06 
-.21 -.21 -.33 -.36 -.14 .10 -•'2k -.10 -.23 
-.19 -.21 .0o .10 -.17 -.06 .14 • 13 .66 
-.19 -.21 .07 .09 -.15 -.06 .14 .12 
L.OO .997 .17 .15 .19 .40 .10 .22 -.17 
1.00 .16 .14 .20 . 1,0 .09 .21 -.20 
1.00 .997 -.24 -.03 •15 .25 .30 
1.00 
-.25 -.03 • 14 • 27 • 30 
1.00 













JS. 1. y- 1. X x 
St. St. :J N P ? 
-.03 .06 -.L: -.lit 
-.03 .06 -.11 -.12 
-.01 .00 .00 .00 
-.02 -.05 .11:. .12 
.00 -.03 .15 .13 
.31 .03 -.09 -.06 
.8? -.04 .96 .;9 
.32 -.06 .92 .95 
-.03 -.35 —.11 -.04 
—.07 —.15 -.Oo —.0y 
.01 .40 .27 .06 
.02 .40 .27 .06 
.43 .11 .27 .35 
.48 .10 .26 .34 
.15 -.02 .22 .32 
.15 -.01 .22 .31 
.12 .4I —.li-i- - .lu 
.65 .02 .59 .61 
.24 .68 .03 .01 
.76 -.06 .91 .93 
1.00 .00 .20 .2L .13 
1.00 .23 .oh .87 
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09 -.ko 1 
11. -.41 2 
13 -.0? 3 
12 •56 4 
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-•34 6 
37 .18 7 
27 .13 S 
04 -.24 9 
37 -.50 10 
05 .61 11 







77 -.10 14 
76 .50 15 






• r 18 
16 :i4 19 
32 .34 20 
07 .72 21 
la .02 22 
06 .04 23 
31 .31 24 
43 .24 25 
30 .55 26 
30 .75 27 








significant at the and 1/Ô levels, respectively 
Table 14. Analysis of variance for the regression models of corn yield on the 
selected X variates 
Year Model 
Source of 
variation d.f. S.S. M.S. F RS 


















































































The B values for the 1957 regression models were marked­
ly lower than the corresponding values for 1958. The high­
est R^ obtained among the 1957 models was about 0.55 (for the 
p 
Curvilinear Model). However, in 1958 the maximum R was 0.85, 
obtained for both the Main Effects - Complete and the Curvi­
linear Models. 
ç 
The difference in R among models was much greater in 
1957 than in 1958. The difference in R^ between the Main 
Effects - Complete Model and the Main Effects - Reduced Model 
was 0.17 in 1957, but was only 0.04 in 1958. 
By coincidence, in both years the addition of selected 
interactions and curvilinear terms to the Main Effects -
Reduced Model resulted in R^ values almost identical with 
those of the Main Effects - Complete Models. 
p 
The F tests and R values presented in Tables 14 and 15 
show that the Curvilinear Model accounts for more of the yield 
variations than does the Linear Model In both years. There­
fore, all subsequent computations will employ the Curvilinear 
Model. 
2. Agronomic 
The results of field experiments are usually affected 
by the climatic environment prevailing during the season in 
which they are conducted. Runge and Ode11 (29) found that up 
to 67$ of the variations in corn yields obtained on the South 
Table 15. Analysis of variance of the reduction In residual error due to addition 
of selected interactions and squared terms to the Main Effect - Reduced 
Model 
Year Models Source of variation d.f. S.S. M.S. F 
19 57 
1958 
Main Effects Regression on 10 variates 10 9,072.56 
- Reduced Added reduction by 
vs Linear 12 interactions 12 3,308.81 275.73 
Error 167 11,891.10 71.20 
Linear vs Regression on 22 variates 22 12,381.37 
Curvilinear Added reduction by 
6 curvilinear variates 6 874.00 145.67 
Error 161 11,017.10 68.43 
Main Effects Regression on 10 variates 10 83,364.44 
- Reduced Added reduction by 
vs Linear 12 interactions 12 2,121.79 176.82 
Error 237 16,815.54 70.95 
Linear vs Regression on 22 variates 22 85,486.23 
Curvilinear Added reduction by 
6 curvilinear variates 6 1,608.58 268.10 






Farm at Urbana, Illinois could be accounted for by precipita­
tion and maximum daily temperatures from 50-75 days before and 
14-30 days after full tasselling during the period 1903-1956. 
It is assumed that the results obtained in this study are 
a product not only of the particular climatic conditions which 
occurred previous to as well as during the period of this 
study. For this reason the rainfall pattern is included in 
the discussion of the agronomic results. The monthly rainfall 
data are presented in Table 16 in the form of deviations from 
the normal. 
Table 16. The rainfall distribution in the study area for 
1957 and 1958 in the form of monthly deviations 
(inches) from the normal 
1957s 1958* Normal^ 
March -0.01 -1.03 1.89 
April -0.12 +0.05 2.68 





 i -4.20 5.64 
July -0.68 +9.65 3.38 
August -0.26 -1.16 4.24 
September — le 08 + 1.75 3.42 
Season total -2.78 + 2.30 25.43 
^Average of three recording rain gauges (inches). 
^Average of two locations, Glenwood snd Riverton, 1931-
1955 (inches). 
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a. The 1957 data The rainfall in the three years 
previous to 1957 was below normal to the extent that corn 
yields were reduced markedly in this area. In 1957 the rain­
fall approached normal values and no marked deficiencies 
occurred. The total rainfall between March 1 and June 30 was 
about 14 inches. This was an important factor in recharging 
previously dry subsoils. 
As mentioned earlier, the primsry interest in this study 
was in the relationships of surface soil thickness, as express­
ed by organic carbon content, and applied nitrogen on corn 
yield. The remaining variables also effected corn yields but 
their effects were not of direct interest except for possible 
interactions with applied nitrogen or organic carbon and gen­
eral reduction of residual error. Therefore these remaining 
factors were represented in the regression equations by their 
mean values, except for the stand level. 
In obtaining yield response curves using the Curvilinear 
Model for the 1957 season, a stand level of 12,000 stalks 
per acre was selected, which is 1,800 stalks more than the 
observed mean of 10,200 stalks per acre. This was done be­
cause there was a significant stand level by N fertilizer 
interaction on yield, and it was felt that the higher stand 
level would make possible a more valid comparison of the vari­
ables of primary interest, namely surface soil thickness and 
applied nitrogen. 
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The actual population had been somewhat reduced by a 
series of severe storms just after the corn had been planted 
in the spring. This resulted in quite severe crusting of the 
soil at a critical state of growth, when the epicotyl of the 
planted kernel was pushing its way to the surface. The stand 
level of 12,000 stalks per acre was near the upper limit of 
the population range which was from 8,200 to 13,300 stalks 
per acre. 
It was of interest at this stage to determine whether 
nitrogen fertilizer would substitute for the organic sources 
of nitrogen in the soil, the latter being characterized by the 
organic carbon content. Substituting different levels of car­
bon and nitrogen into the equation for the Curvilinear Model 
and holding the other variables at a. constant value resulted 
in the relationships illustrated in Figure 6. With no applied 
nitrogen, an increase of 20 bushels was predicted by increas­
ing the organic carbon values in the regression equation from 
0.6 to 2.0$. When nitrogen was substituted into the equation 
at the rate of 50 pounds per acre, an increase in yield of 10 
bushels per acre was predicted when organic carbon was in­
creased from 0.6 to 2.0$. No response in yield was obtained 
as carbon was similarly increased at a nitrogen level of 100 
pounds per acre. 
From the 1957 equation for the Curvilinear Model, the 
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Figure 6. The regression of corn yield on organic 
carbon content at various fixed levels of 
applied nitrogen for the 1957 data 
(a stand level of 12,000 stalks per 
acre was used in the comoutations) 
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and with respect to nitrogen are: 
0Y/d$ C = 17.81 - 3.102$ C - 0.1418N 
S Y/SN = 0.3624 - 0.00077N - 0.1418$ C. 
These derivatives were set equal to zero and the result­
ing equations solved simultaneously to determine that combina­
tion of organic carbon end applied nitrogen at which a criti­
cal point occurred. This point was found at 2.12$ carbon and 
79 pounds of nitrogen per acre; substituting these values into 
the equation for the Curvilinear Model gives a yield of 98.6 
bushels per acre. 
To determine the nature of this critical point, an iso-
quant map was constructed for the variables of organic carbon 
and nitrogen fertilizer. An isoquant (equal yield curve) 
shows the various combinations of two nutrients or, as in this 
case, the combination of sources of the same nutrient needed 
for any particular yield level. The yield isoquant equation 
was derived from a reduced regression equation. This equation, 
obtained by substituting in the Curvilinear Model the mean 
values for all variables except percent carbon and applied 
nitrogen, is as follows : 
Y = 65.34 + 17.807$ C - 1.551$ C2 + 0.3624N 
- 0.000385N2 - 0.1418$ CXN. 
After computing the isoquants for 99$ and 95$ of the cal­
culated maximum yield, the response surface shown in Figure 7 
was obtained. This surface resembles a saddle, with yields 
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1.0 0.5 
Figure 7. An isoquant map showing the substitution 
relationships between applied nitrogen and 
surface soil thickness (represented by-
organic carbon content) for the 1957 data 
over various yield levels (a stand level of 
12,000 plants per acre was used in the 
computations) 
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the critical point, and decreasing from the critical point 
when going either toward the origin or away from the origin. 
Thus this critical point is a minim ax point, or a so-called 
"saddle" point. 
The response surface was mapped over a. wider range of 
carbon values than was found in the experimental area. The 
region within the dashed lines in Figure 7 indicates the 
ranges of the actual observations. 
When the 99$ isoquant in the relevant range of Figure 7 
was plotted on a larger scale, the curve shown on Figure 8 
was obtained. This curve, being concave to the origin, repre­
sents increasing marginal rates of substitution between the 
two sources of nitrogen. The intercepts of the curve are at 
93 pounds of nitrogen per acre at 0.5$ organic carbon and 
2.25$ organic carbon with no added nitrogen. The range of 
organic carbon actually found was between 0.64 and 1.96$. 
Thus some extrapolation occurred at both ends of the curve, 
but probably not enough to be seriously misleading. 
Usually a constant marginal rate of substitution is ex­
pected between two sources of the same nutrient; this gives 
a straight line varying in slope according to the relative 
availabilities of each, according to Heady (17). However, in 
this case, in which an increasing marginal rate of substitu­
tion occurs, there is a suggestion that mineralization of 
^For an illustration of this type of surface, see 
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Figure 8. Enlargement of the relevant area of the 
isoquant map of applied nitrogen versus 
organic carbon for the 1957 data at 99$ 
of the yield at the minimax point 
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soil nitrogen was not constant per unit of organic carbon. 
There is an indication from the shape of the curve that min­
eralization of soil nitrogen proceeds at a much faster rate 
above the 1.5$ level of organic carbon. In any event, as the 
content of organic carbon is Increased, increasing quantities 
of nitrogen are replaced by each added unit of organic carbon, 
particularly above the 1.5$ level. 
It should be pointed out that where two fixed variables 
are highly correlated, erroneous conclusions may be drawn if 
one variable is held constant and the other varied over a 
wide range. Anderson and Bancroft (4) state that a multiple 
regression partial coefficient is interpreted only as the 
average change in Y for a unit change in one of the X variates 
with all other X variâtes held constant. However, the vari­
ables of slope and organic carbon are highly correlated 
(r = -0.63**), with organic carbon being some inverse func­
tion of slope magnitude. If slope caused a significant effect 
on corn yield independent of organic carbon, it too would need 
to be varied in order to determine the effect of organic 
carbon levels on yield. However, the slope variables (linear, 
quadratic and interaction terms) had relatively insignificant 
effects on corn yield in both 1957 and 1958. Their importance 
was far outweighed by the overall effects of the organic 
carbon variables. As a result it was assumed that the organic 
carbon content could be varied independently of the slope 
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variables without serious error. 
This relatively unimportant effect of slope on corn yield 
agrees with the findings of Murray et al. (24), who found that 
surface soil thickness was the immediate factor responsible 
for yield variations rather than slope, recognizing, however, 
that slope was a determinant of surface soil thickness over 
time. 
It was assumed in this study that soil types per se had 
no intrinsic importance outside of their inherent slope and 
surface thickness differences• The results obtained In 1957 
appear to bear out this assumption. 
b. The 1958 data The results obtained in the 1958 
season were quite different from those obtained in 1957. In­
creasing the organic carbon content from 0.8 to 2.0$ resulted 
in an increase in corn yields of approximately 15 bushels per 
acre as predicted by the regression equation. However, the 
effect of the added nitrogen fertilizer, even at the rate of 
100 pounds per acre, was very minor over all levels of organic 
carbon. Figure 9 illustrates these results. 
The 1958 season began with an adequate supply of subsoil 
moisture. However, a rainfall deficit of about seven inches 
occurred in May and June which resulted in a rather dry seed­
bed. This condition persisted during the period of germina­
tion, emergence and early root growth of the young corn 
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Figure 9. The regression of corn yield on organic 
carbon content for the 1958 data over 
two fixed levels of applied nitrogen 
(a stand level of 12,000 stalks per acre 
was used in the computations) 
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soils with little surface soil remaining suffered more severe­
ly both in emergence and growth than did corn planted on the 
thicker surface soils of the more level positions. In July, 
heavy rains commenced and sufficient moisture was obtained 
for the remainder of the season. 
The poorer growth of corn on the thinner positions during 
this period of dry weather is not readily explained, except 
that the physical condition of the seedbed may not have been 
as favorable to moisture storage as in the case of the sites 
with thicker surface soils. This apparently resulted in 
attaching an extra importance to the organic carbon variable 
in excess of any fertility effects. 
A factor which limited the response to nitrogen ferti­
lizer was the relatively high availability of soil nitrogen 
and phosphorus, judging from leaf composition data. In fact, 
the average content of nitrogen and phosphorus in the corn 
leaves was considerably above what is usually considered 
their respective critical percentages. The phosphorus per­
centages ranged from 0*23 to 0.44$ with the mean at 0.36$. 
The leaf nitrogen content ranged from 2.2 to 4.1$ and 
averaged 3.37$. Even the corn on the check plots usually 
contained sufficient nitrogen for satisfactory growth. Thus, 
only slight responses could be expected from additions of 
nitrogen fertilizer. 
Because of the low response to added nitrogen and the 
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relatively Insignificant value of the $CxN interaction term 
(t =>0.50), no attempt was made to construct the response 
surface from the 1958 results. 
The population level at which these computations were 
made was at 12,000 plants per acre, the same level as used 
for the 1957 data. The average stand was slightly higher in 
1958 than in 1957, "being over 11,000 plants per acre, as com­
pared with about 10,200 plants per acre for 1957. 
After analyzing the regression statistics of the Curvi­
linear Model for the 1958 data, it was thought that the inclu­
sion of other variables might help account for the results 
obtained. For example, there seemed to be lower leaf phos­
phorus percentages and later silking dates on the lower or­
ganic carbon levels. Also there was the possibility that high 
initial nitrate levels might be a cause for the low yield re­
sponses to nitrogen fertilizer. Therefore, interaction terms 
of organic carbon with leaf phosphorus, silking dates and 
initial nitrate variables were inserted in addition to the in­
teractions of organic carbon with applied nitrogen and stand 
level. Since the estimated European Corn Borer population was 
correlated with later maturing corn, the borer count was re­
instated. 
After analysis of the data using a modified curvilinear 
equation containing the above variables it was apparent that 
no real change in the response curves had been effected. Be-
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cause this modified curvilinear equation produced essentially 
the same results as the equation for the Curvilinear Model, 
the former was not included here. 
It is apparent from Figures 6 and 9 that corn yields were 
lowered by reduction in the surface thickness at the zero 
nitrogen levels. In 1957 reduction in the organic carbon in 
the 0-12 inch layer from 2.0 to 0.6$ resulted in a yield re­
duction of about 20 bushels of corn per acre. This reduction 
in carbon content is equivalent to a reduction in surface soil 
thickness (the horizon) from about 12 inches to essentially 
zero. In 1958 a comparable reduction in carbon content or in 
surface soil thickness resulted in a yield reduction of about 
15 bushels of corn per acre. This reduction was nearly linear 
in 1957 but in 1958 the reduction was definitely curvilinear 
with most of the yield reduction occurring below 1.5$ carbon 
(less than 6 inches of surface soil). 
This reduction in yields was removed by nitrogen ferti­
lization in 1957 but not in 1958. On the basis of this two 
year study it appears that differences in surface thickness 
in these soils can be fully compensated for by the use of 
nitrogen fertilizer in some seasons, but in other seasons 
this apparently cannot be done. The data obtained in this 
study give no indication as to the probable frequency of 
occurrence of either of the two types of results. 
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B. Effect of Artificially-Exposed Subsoil on Corn Yield 
(Artificially-Exposed Subsoil Experiment 
at the Soil Conservation Farm) 
No data of value were obtained from this experiment dur­
ing the first year (195?) because of a heavy infestation of 
first-brood European Corn Borer. This damage was especially 
severe on the plots on the surface soil and invalidated any 
possible yield comparisons. 
Despite slight hail damage quite satisfactory yields were 
obtained in 1958. 
The results of this experiment in 1958 are shown in 
Figure 10. It is apparent that nitrogen fertilizer compen­
sated for the removal of surface soil and ultimately resulted 
in corn yields on the subsoil at least equal to those obtained 
on surface soil plots. The estimated yield from the subsoil 
regression equation at the rate of 200 pounds of nitrogen per 
acre was higher than the observed mean yield on the subsoil. 
Apparently this is due to the limitations of the quadratic 
equation and does not necessarily indicate a higher yield on 
subsoil than on surface soil in this experiment. The 95$ con­
fidence belts, computed according to Snedecor (32), indicate 
that no significant difference exists between the yields on 
the two surface thicknesses, as the confidence belts for the 
two regressions overlap at the point of maximum yield on sub­
soil (200 pounds of nitrogen per acre). Comparing the maximum 
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Figure 10. The regression of 1958 corn yields on 
applied nitrogen with original Aj horizon 
intact and on applied nitrogen with the A^  
horizon artificially removed 
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with the maximum obtained on subsoil, the yield difference is 
of even less significance. 
Projecting out to the subsoil curve from the ordinate at 
the yield of 78 bushels per acre, the surface soil without 
application of nitrogen produced a corn yield equal to that 
produced on subsoil with about 67 pounds of added nitrogen 
per acre. 
Regressions using a square root function were also com­
puted for these data. The for the surface soil regression 
increased from 0.89 to 0.97 and from 0.96 to 0.99 on subsoil 
in changing from a quadratic to a square root function. How­
ever, in the case of the subsoil, the maximum was shifted to 
290 pounds of nitrogen per acre, which was beyond the range 
of observations. For this reason it was decided that erro­
neous conclusions may be obtained from use of the square root 
functions, even though better fit was obtained. 
The nitrogen fertilizer increments also produced in­
creases in nitrogen content of the corn leaf. Figure 11 illus­
trates the increases in percentages of nitrogen in the seventh 
corn leaf on the two surface thicknesses with application of 
nitrogen fertilizer. With greater applications of nitrogen 
fertilizer the curves converge and then merge to form one 
"response" curve at 200 pounds of nitrogen per acre. 
Apparently no difference in effectiveness of plant nitro­
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Figure 11. The regression of 1958 leaf nitrogen per­
centages on applied nitrogen with original 
Aj horizon intact and on applied nitrogen 
with A]_ horizon removed artificially 
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Figure 12 shows the regression of corn yield on nitrogen com­
position of the seventh leaf. A single quadratic equation 
fits the combined data fairly adequately as indicated by an 
of 0.95. The maximum yield from this quadratic function 
occurred at 3.14$ nitrogen, corresponding remarkably well to 
a figure of 3.16$ obtained by Dumenil (12) at 0.338$ leaf 
phosphorus. 
Thus, the results of this experiment in 1958 are consis­
tent with the results of the Natural Surface Soil Thickness 
Experiment in 1957 In that the yields of both surface soil 
and subsoil are essentially identical when fertility needs of 
both are satisfied. 
The results obtained in 1958 from the Natural Surface 
Soil Thickness Experiment cannot be satisfactorily explained. 
There was an apparent moisture deficiency on the positions 
with little remaining surface soil and, while it is felt 
that this deficiency contributed to the results obtained, the 
manner in which it contributed is not clearly understood. 
Also involved was an apparent high availability of soil nitro­
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A. Study of Effect of Natural Surface Soil 
Thickness on Corn Yield 
The objectives of this study were (a) to determine the 
magnitude of the corn yield increase associated with surface 
soil thickness, (b) to test the hypothesis that application of 
nitrogen fertilizer will substitute for surface soil thickness 
on the Marshall-Monona transition zone in southwestern Iowa 
and (c) to determine whether the above hypothesis could be ade­
quately tested in a limited number of years by a series of 
field experiments on selected sites in farmer-operated fields 
in which such soil, site and management factors that may 
affect corn yields are measured. 
The Marshall and Monona soils in the transitional area in 
which this study was conducted are essentially minimal Bruni-
zems, derived from Wisconsin loess. The clay content of the 
B horizon for the Marshall tends to run slightly higher than 
that of the Monona, being about 30 and 25$, respectively. 
The Marshall soil, the gently sloping member, generally is 
found on the 1-7$ slopes. The Monona series is usually found 
on the 7-15$ slopes in the area. 
The area used for this study was selected because erosion 
is very active on these soils and a proper evaluation of its 
effect on corn yields was needed. The area was also selected 
because the uniformity of the upland soils in all properties 
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except in surface soil thickness make it one of the most suit­
able areas in Iowa for conducting this study. 
This study should not be considered as furnishing evi­
dence concerning yield differences between Marshall and Monona 
soils. The average differences between these series are con­
siderably greater than they are in the transitional area used 
in this study. 
Over the two year period of 1957 and 1958, 55 small fer­
tility experiments, each with five nitrogen fertilizer rates 
and two replicates, were located over the existing range of 
surface soil thicknesses found on the upland soils of the 
area. A basic application of phosphorus fertilizer was 
applied to each of the experimental areas. 
Soil samples were taken to a depth of three feet and 
analyzed in the Iowa State University Soil Testing Laboratory 
for pH, initial nitrate, nitrifiable nitrogen, available phos­
phorus and available potassium (moist). In addition, total 
carbon determinations were made on the 0-6 and 6-12 inch 
samples. As no free CaCOg was present in these layers, the 
total carbon values were assumed to be equal to organic car­
bon. 
Samples of the seventh leaf (opposite and below the 
principal ear) were collected when approximately 75$ of the 
silks had emerged and analyzed for nitrogen, phosphorus and 
potassium content. 
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The yield of corn was determined for each plot, along 
with the stand level. A crop history and complete site de­
scription was obtained for each experimental location. 
The data for selected variates were punched on IBM input 
cards and processed by individual years by the IBM 650 Com­
puter to obtain the necessary sums of squares, cross products, 
end simple correlation coefficients. Several multiple re­
gression models were subsequently tested to obtain the most 
useful regression equation without losing appreciable preci­
sion. A number of additional variables were included in these 
equations which were of no direct interest to the study except 
as they would account for variations in corn yield and thereby 
provide precision where desired. 
The first model tested was called the Main Effects -
p 
Complete Model which produced an R of 0.54 end 0.85 when 
applied to the 1957 and 1958 data, respectively. There were 
18 variables included in the equation for the 1957 data and 
20 for the equation for the 1958 data. Many of these were 
associated variables which were included to account for addi­
tional variation in the dependent variate. 
On the basis of linear correlation coefficients ( r) and 
the significance of the partial regression coefficients, vari­
ables were deleted from the Main Effects - Complete Model to 
form the 10-variable Main Effects - Reduced Model. This model 
accounted for 0.37 and 0.82 of the variation in yield in 1957 
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and 1958, respectively. 
Using only the 10 main effects of the Main Effects -
Reduced Model, 12 two-factor interactions and six squared 
terms were selected. A model using the 10 main effects plus 
the 12 two-factor interactions was called the Linear Model. 
2 An R of 0.51 was produced with this model on the 1957 data 
and 0.84 on the 1958 data. 
When the six squared terms were added to the Linear 
Model, a model called the Curvilinear Model was formed. This 
model accounted for 0.55 of the variation in the dependent 
variate when applied to the 1957 data, and 0.85 when applied 
to the 1958 data. 
The main value of the two-factor interaction terms, be-
2 
sides increasing the R , was that it was possible to see 
whether the effect of a variable was constant over all levels 
of certain other variables. The squared or curvilinear terms 
were included where it was expected that the effect of a vari­
able on yield would tend to be curvilinear rather than strict-
ly linear. 
Using the Curvilinear Model, the effect on corn yields 
of organic carbon content (representing surface thickness) 
was determined over different levels of nitrogen fertilizer 
for each of the two years, 1957 and 1958. Corn yields in­
creased with increasing surface soil thickness in both years. 
However, substantially different responses to nitrogen fer-
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tilizer on the thinner surface soils were obtained in these 
two years. In 1957 nitrogen fertilizer apparently completely 
substituted for surface thickness in production of corn within 
the range encountered. That is, when 100 pounds of nitrogen 
per acre were added, no effect of organic carbon upon yield 
could be detected. The maximum yield as predicted by the 
equation was approximately 100 bushels per acre. 
In 1958, nitrogen fertilizer did not substitute for sur­
face thickness. As organic carbon was increased, a marked 
increase in yield was shown by the equation. Apparently some 
effect other than fertility was confounded with surface thick­
ness. This additional effect appeared to be that of somewhat 
greater depression of early corn growth on the positions 
with thinner surface soils during May and June when a deficit 
of about seven inches of rainfall occurred. 
The variable of slope was found to be relatively unim­
portant in its effect on corn yields in both seasons. As a 
result it was felt that it was possible to vary the organic 
carbon independently of slope in the regression equation. 
B. Study of Effect of Artificially-Exposed 
Subsoil on Corn Yield 
Previously it had been concluded, Murray et al. (24) and 
Odell (25), that slope effects were inseparable from surface 
thickness effects. It was conceived that the artificial re­
moval of surface soil from certain plots of an experiment 
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located on a uniform slope would give two levels of surface 
thickness with slope held constant. This was carried out in 
an experiment established on the Soil Conservation Farm near 
Clarinda in the spring of 1957. 
The experiment was a three-replicate, split-plot design 
with two surface thickness treatments forming the whole plots 
and five rates of nitrogen fertilizer forming the sub-plot 
treatments. 
The 1957 results were not used because of a serious 
infestation of first-brood of European Corn Borer. 
The 1958 results indicate no difference between the maxi­
mum corn yields on the surface soil and subsoil, with the 
top yields being slightly over 100 bushels per acre. About 
200 pounds of nitrogen were required to reach the maximum 
yield on the subsoil and 165 pounds were required for the 
maximum yield on the surface soil. 
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71. CONCLUSIONS 
1. Without addition of nitrogen fertilizer, lower corn 
yields were obtained on eroded sites than on non-eroded sites 
in both 1957 and 1958. 
2. It seems apparent that in some seasons it is possible 
to compensate completely for the lack of surface soil on the 
Marshall and Monona soils in this transitional area by apply­
ing nitrogen fertilizer. Whether this is possible or not 
seems to depend, at least in part, on moisture supplies. 
3. The multiple regression technique of aggregating in­
formation from a number of locations appears to be adequate 
for a study of this kind, provided suitable variables are 
recorded. 
4. A period of study greater than two years in length 
is recommended for this type of study, due to the great influ­
ence of climatic variation on the yield effect of variables 
of interest. 
5. The effect of slope on corn yield was relatively 
minor as compared to that of surface soil thickness in this 
study area. 
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Table 17. A profile description of Marshall silt loam 
(9-3-1), taken November, 1957 
Location: 50 ft. W of road, NE corner of SE l/4 SE l/4 sec. 
25, T 71 N, E 42 W, Spring Valley Watershed, Mills 
Go., Iowa 
By: Simonson and Engelstad 
Ap 0-7" 10YR3/2 (M) very dark grayish brown; weak 
fine granular; friable heavy silt loam. 
A]_ 2 7-9 10YR3/2 (M) very dark grayish brown, 10YR3/3 
' (M) dark brown crushed; massive to weak; 
granular, light silty clay loam. 
A,B 9-14 10YR5/2 (M) very dark grayish brown; ped 
surfaces 10YR3.5/3 (M) dark brown crushed; 
weak fine and very fine subangular blocky; 
friable light silty clay loam. 
B2 i 14-20 10YB3/3 (M) dark brown ped surfaces, 10YR3/4 
' (M) dark yellowish brown crushed; moderate 
fine and very fine subangular blocky; fri­
able medium silty clay loam. 
Bg g 20-27 10YR4/3 (M) dark brown; ped surfaces. 10YR4/4 
' (D) dark yellowish brown; 10YR4/4 (M; dark 
yellowish brown, 10YR5/4 (D) yellowish brown 
crushed; moderate fine subangular blocky 
friable light silty clay loam; thin contin­
uous ped coatings. 
Bg 27-35 10YR4/4 (M) dark yellowish brown crushed, 
and unerushed; 10YR5/4 (D) yellowish brown 
crushed; thin discontinuous ped coatings; 
weak fine and medium subangular blocky; 
friable light silty clay loam. 
Cjl 35-43 10YR4/4 (M) and 10YR5/4 (M) dark yellowish 
brown and vellowish brown uncrushed, 
10YR5/4 (M) crushed; few fine Fe-Mn concre­
tions ; massive to weak, medium angular 
blocky; friable heavy silt loam. 
2 43-63 10YR5/4 (M) yellowish brown crushed; few to 
' common 10YR7/3 (M) very pale brown mottles; 
few medium reddish brown mettles• friable 
medium silt loam ( non-calcareous ; . 
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Table 18. A profile description of Monona silt loam 
(10-11-2), taken November, 1957 
Location: 300 ft. E, 100 ft. S of NW corner of SWl/4 SW1/4 
sec. 26, T 71 N, H 42 W, Spring Valley watershed, 
Mills Co., Iowa 
By: Simonson and Engelstad 
Ap 0-6" 10YR3/-3 (M) dark brown; weak fine granular; 
friable medium silt loam; sharp boundary. 
Bj_ 6-11 10YR4/4 (M) and 10YR4/-3 (M) dark yellowish 
brown mixed; weak fine and medium subangular 
blocky; friable heavy silt loam. 
Bg 11-20 10YR4/4 (M) dark yellowish brown; weak 
medium subangular blocky; friable light 
silty clay loam. 
BgC^  20-44 10YR5/4 (M) yellowish brown mottled with 
10YR4/2 (M) light brownish gray; common 
fine and medium brownish yellow mottles and 
few strong brown mottles and/or soft con­
cretions. 
Ci o 46-51+ 10YR6/2 (M) and 6/3 (M) light brownish gray 
' to pale brown, 10YR7/2 (D) light gray; 
common medium brownish yellow mottles and 
some strong brown mottles and Fe concre­
tions; friable; massive, light to medium 
silt loam. 
Table 19. Site and management information concerning the Natural Surface Soil 
Thickness Experiment 
Soil type Plant- Silk- Borer 
(all silt Slope Crop Tillage ing ing Weed cav-. 
Year Co operator loam) % Aspect sequenceamethodb date date growth°ities 
Bartholomew Marshall 0.5 sw 4.0 P-L 5/22 8/1 
Bass Monona-Dow 12.0 NW 2.5 P-SP 5/15 7/29 
Beatty Monona 9.0 N-NE 4.0 P-L 5/15 7/29 
Buffington Marshall 2.0 E 4.0 P-SP 6/21 7/29 
Fichter(l) Monona 9.0 N 4.0 P-L 5/12 7/31 
Flchter(2) Monona 6.0 NW 4.0 P-L 5/12 7/31 
Gregory Marshall 2.0 W 2.5 D-SP 5/15 7/31 
Hunt Marshall 1.5 NW 3.0 D-SP 5/18 8/2 
Leu, E.(l) Monona 8.Ô N 2.0 P-L 5/16 8/1 
Leu, E.(2) Marshall 4.0 E-SE 4.0 P-L 5/16 8/1 
Leu, G. Marshall 4.0 SW 3.0 D-SP 5/25 8/1 
Lybarger Marshall 5.0 S 4.0 P-L 6/8 8/8 
Pontow Marshall 4.0 S-SE 2.6 P-SP 5/24 7/30 
Reeves Marshall 4.0 E 3.0 P-L 5/20 8/4 
Schaaf Marshall 1.6 E 2.0 P-L 5/18 7/24 
&See Table 2 in text for legend. 
L^egend for tillage method: P-SP = plow and surface plant ; P-L = plow and 
list plant; D-SP = disc and surface plant ; D-L = disc and lint plant. 
©Legend for weed groups: 1 - clean; 2 - moderately weedy; 3 - very weedy. 
A^verage number of corn borer cavities per stalk; estimated from a 10-stalk 
sample selected at random from the experimental site. 
























































































Plant- Silk- Borer 
Crop Tillage ing ing Weed oav-
sequence method date date growth ities 
2.0 P-SP 5/12 8/5 — 
4.0 P-SP 5/22 7/29 — — 
3.5 P-SP 5/20 8/1 — — 
2.0 P-SP 5/22 7/31 - -
3.0 D-L 5/16 8/8 2 5.1 
2.5 P-SP 6/3 8/16 1 4.9 
2.5 P-L 5/15 7/31 2 1.2 
2.6 P-L 5/15 7/31 2 2.0 
2.0 P-L 5/15 7/31 2 2.4 
3.0 P-L 5/20 7/31 2 4.5 
2.0 D-L 5/15 8/1 2 1.8 
2.0 D-L 5/12 7/30 3 2.7 
4.0 P-SP 5/10 7/31 3 1.9 
1.0 P-SP 5/13 8/1 2 1.3 
3.5 P-L 5/24 8/8 1 4.0 
3.0 P-SP 5/14 7/30 2 2.4 
4.0 P-L 5/23 8/1 2 2.2 
3.5 P-L 5/20 8/8 2 5.9 
4.0 P-L 5/17 7/28 3 3.1 
4.0 P-L 5/17 7/28 3 1.7 
1.5 P-L 5/26 8/1 2 4.4 
3.5 P^SP 5/14 7/31 3 3.7 
3.5 P-SP 5/14 7/31 2 2.9 
2.0 P-SP 5/16 8/1 2 3.2 






















Skerritt Monona 11. o; W-SW 3.5 P-SP 5/22 8/4 3 3.7 
Slaughter( l) Monona 9.0 NE 3.5 D-L 5/25 8/8 3 5.7 
Slaughter(2) Marshall 5.0 E 2.0 . D-L 6/30 8/18 1 5.9 
Utterbaok Marshall 1.0 S 2.5 P-SP 5/20 8/1 1 3.3 
Vinton Marshall 2.0 SE 3.0 D-L 5/15 8/1 3 1,4 
Winelow Marshall 4.0 E 3.5 P-SP 5/10 7/31 2 3.6 
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Table 20. Stand, leaf composition and yield data for 
individual plots of the Natural Surface Thickness 
Experiment with their nitrogen treatments 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 10 39 2.8 0.32 2.48 86.1 
60 41 3.0 0.30 2.67 90.9 
110 35 3.3 0.31 2.73 78.0 
160 40 3.3 0.32 2.67 82.9 
210 41 2.9 0.30 2.66 96.2 
II 10 37 2.8 0.2-9 2.42 78.3 
60 38 2.9 0.31 2.73 80.0 
110 40 2.8 0.29 2.58 90.3 
160 36 3.1 0.30 2.67 81.5 
210 39 3.3 0.31 2.62 89.3 
I 0 39 3.4 0.33 2.02 81.5 
50 45 3.4 0.33 1.92 95.6 
100 45 3.3 0.33 2.14 95.4 
150 43 3.4 0.32 1.95 105.2 
200 43 3.2 0.31 1.90 98.5 
II 0 43 3.3 0.32 2.14 88.3 
50 41 3.3 0.33 1.86 86.5 
100 41 3.2 0.32 1.92 88.8 
150 42 3.4 0.31 1.89 91.5 
200 43 3.0 0.30 2.13 87.9 
I 0 45 3.0 0.28 2.12 75.0 
50 46 2.8 0.27 2.19 82.0 
100 43 3.4 0.31 2.19 93.6 
150 37 3.4 0.30 2.20 75.3 
200 44 • 3.2 0.28 1.96 76.9 
II 0 47 2.9 0.27 2.34 71.5 
50 44 3.2 0.27 2.07 81.8 
100 41 3.3 0.29 1.95 74.8 
150 45 3.3 0.31 2.24 87.7 
200 47 3.4 0.30 2.10 80.0 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 60 50 3.2 0.32 2.34 81.5 
110 49 3.3 0.32 2.50 89.7 
160 47 3.3 0.32 2.82 93.1 
210 40 3.3 0.32 2.24 71.6 
260 43 3.4 0.33 2.37 80.3 
II 60 49 3.2 0.52 2.58 85.3 
110 43 3.2 0.33 2.61 81.5 
160 41 3.3 0.32 2.28 74.1 
210 43 3.3 0.32 2.25 81.1 
260 46 2.8 0.29 2.40 84.3 
I 0 45 2.2 0.27 2.22 52.0 
50 47 2.8 0.30 2.07 88.3 
100 48 2.7 0.26 2.22 85.0 
150 36 3.3 0.33 2.31 63.1 
200 43 3.0 0.29 2.19 84.1 
II 0 42 1.9 0.27 1.88 47.4 
50 41 3.2 0.33 2.37 64.2 
100 47 3.0 0.30 2.16 83.4 
150 44 3.0 0.31 2.18 85.3 
200 44 3.0 0.30 2.04 67.1 
I 0 45 2.3 0.28 2.31 71.6 
50 43 3.0 0.2.9 2.49 79.0 
100 47 3.0 0.27 2.40 82.3 
150 44 3.0 0.28 2.31 93.6 
200 49 3.0 0.27 2.49 90.6 
II 0 48 2.8 0.28 2.70 76.8 
50 48 2.8 0.29 2.34 92.3 
100 46 3.0 0.27 2.32 81.2 
150 48 3.0 0.29 2.40 79.3 
200 48 3.3 0.27 2.43 83.1 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 41 2.7 0.32 2.07 76.5 
50 43 2.8 0.2,9 1.83 91.3 
100 44 2.8 0.29 2.14 79.5 
150 41 3.1 0.29 2.28 89.3 
200 41 3.0 0.29 2.07 91.5 
II 0 42 2.6 0.30 2.13 95.6 
50 42 3.0 0.30 2.19 87.5 
100 43 3.1 0.31 2.18 108.1 
150 40 3.1 0.31 2.25 91.8 
200 43 2.8 0.29 2.22 93.8 
I 25 47 2.9 0.30 2.26 85.8 
75 44 3.3 0.33 2.55 115.3 
125 44 3.0 0.33 2.37 101.5 
175 43 3.0 0.31 2.19 94.4 
225 45 3.0 0.31 2.37 96.8 
II 25 44 2.9 0.30 2.49 92.2 
75 47 3.2 0.33 2.30 100.0 
125 46 3.1 0.32 2.34 103.6 
175 47 3.2 0.33 2.28 109.0 
225 44 3.2 0.31 2.20 95.9 
I 0 43 3.0 0.30 2.34 84.5 
50 44 3.0 0.31 2.32 84.7 
100 43 2.9 0.31 2.37 82.7 
150 42 2.8 0.31 2.31 90.3 
200 42 3.2 0.31 2.20 92-7 
II 0 40 2.8 0.29 2.04 82.3 
50 47 2.9 0.29 2.37 98.5 
100 45 3.0 0.31 2.25 88.9 
150 46 2.9 0.31 2.43 85.5 
200 44 2.8 0.30 2.28 89.8 
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Table 20. (Continued) 
Year Cooperater 
Nitrogen Stalks % % % 
Repli­ appli ed per leaf leaf leaf Yield 
cate lbs./A. plot N P K bu./A 
I 0 43 3.1 0.32 2.31 75.8 
50 41 3.2 0.31 2.25 79.0 
100 42 3.1 0.29 2.14 88-5 
150 42 3.3 0.31 2.18 81.1 
200 45 3.3 0.32 2.31 86.4 
IX 0 44 3.2 0.30 2.34 78.4 
50 42 3.2 0.31 2.31 90.3 
100 42 3.4 0.30 2.28 91.2 
150 42 3.2 0.31 2.30 83.9 
200 42 3.4 0.31 2.38 80.0 
I 25 43 2-9 0.33 2.61 21.9 
75 43 3.2 0.35 2.48 95.0 
125 47 3.0 0.35 2.61 94.4 
175 42 2.8 0.35 2.67 88.6 
225 38 3.0 0.35 2.92 89.9 
II 25 42 2.8 0.33 2.52 97.4 
75 42 2.9 0.34 2.46 100.5 
125 45 3.0 0.34 2.52 98.7 
175 46 3.0 0.33 2.48 101.5 
225 44 3.0 0.34 2.46 89.3 
I 10 38 89,0 
60 41 — — — 99.4 
110 39 — — — 87.5 
160 39 — — — 102.5 
210 42 - — - 89.2 
II 10 41 93.6 
60 41 — — — 103.2 
110 39 — — — 88.1 
160 40 — — — 91.8 
210 38 — — — 75.2 
1957 Leu, 2.(2) 
Leu, G. 
Lybarger* 
8No leaf samples obtained; estimates entered in the mul­
tiple regression analysis for % N and % P. 
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Table 20. (Continued) 
% % Nitrogen Stalks % 
Hepli- applied per leaf leaf leaf Yield 




I 32 42 3.1 0.33 2.64 80.4 
82 47 3.1 0.31 2.58 95.2 
132 43 3,0 0.32 2.46 80.6 
182 45 3.0 0-29 2.54 85.8 
232 46 3.0 0.30 2.61 84.5 
II 32 48 2.8 0.29 2.48 94.6 
82 51 3.0 0.29 2.67 98.8 
132 50 3.2 0.30 2.52 86.1 
182 48 3.4 0.29 2.77 90.1 
232 44 3.2 0.32 2.58 81.4 
I 0 41 3.0 0.29 2.20 72.2 
50 48 3.4 0.33 2.56 86.6 
100 48 3.2 0.51 2.19 86.7 
150 47 3.3 0.50 2.46 89.1 
200 46 3.2 0.29 2.40 85.8 
II 0 45 3.2 0.55 2.52 87.5 
50 47 3.2 0.30 2.40 79.4 
100 40 3.2 0.54 2.40 88.3 
150 48 3.3 0.52 2.46 90.5 
200 47 3.2 0.31 2.50 80.9 
I 0 52 3.2 0.51 2.90 100.1 
50 54 3.1 0.50 5.00 102.2 
100 51 3.3 0.31 2.88 109.4 
150 53 3.2 0.31 5.00 109.7 
200 57 3.2 0-30 2.88 111.5 
II 0 51 3.3 0.51 5.00 102.6 
50 47 3.3 0.51 5.12 106.6 
100 50 3.4 0.52 5.18 107.9 
150 54 3.2 0.51 2.97 115.6 
200 45 3.4 0.52 3.12 92.4 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 44 2.7 0.38 3.4-2 70.5 
50 41 2.8 0.35 3.12 85.7 
100 45 2.8 0.37 3.24 86.4 
150 43 2.8 0.39 2.91 80.4 
200 44 2.9 0.35 1.41 88.0 
II 0 39 2.4 0.34 1.54 68.0 
50 43 2.6 0.37 1.47 81.3 
100 41 2.8 0.36 1.59 77.4 
150 42 2.8 0.34 1.53 78.3 
200 41 2.9 0.33 1.56 89.2 
I 0 43 2.6 0.29 2.12 91.0 
50 44 2.8 0.32 2.31 101.8 
100 46 2.9 0.30 2.25 115.2 
150 45 3.2 0.32 2.-32 111.1 
200 43 3.4 0.33 2.30 102.2 
II 0 42 2.8 0.33 2.31 98.0 
50 49 2.8 0.30 2.24 95.0 
100 44 3.0 0.31 2.22 125.3 
150 49 3.2 0;32 2.34 106.0 
200 46 3.0 0.29 2.24 114.0 
I 0 42 3.0 0.30 2.26 90.2 
50 42 2.8 0.27 2.28 81.7 
100 37 2.9 0.31 2.55 70.5 
150 41 3.0 0.30 2.30 79.6 
200 41 3.3 0.32 2.-32 85.6 
II 0 42 3.0 0.31 2.06 84.7 
50 45 2.8 0.30 2.40 91.8 
100 41 2.9 0.30 2.42 72.1 
150 43 2.9 .0.29 2.31 85.7 
200 41 2.8 0.30 2.58 78.1 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf lesf Yield 




I 0 47 2.6 0.29 2.76 64.0 
50 44 2.7 0.51 2.75 90.9 
100 48 3.0 0.34 2.79 105.6 
150 44 5.1 0.31 2.55 95.4 
200 43 2.9 0.55 2.66 85.9 
II 0 47 2.4 0.51 2.52 87.5 
50 45 2.8 0.52 2.49 87.7 
100 43 2.9 0.51 2.66 86.8 
150 44 2.7 0.55 2.40 90.5 
200 40 2-6 0.52 2.66 77.6 
I 0 43 5.4 0.55 2.46 78.6 
50 49 5.6 0.55 2.57 85.0 
100 52 5.6 0.55 2.58 85.4 
150 36 5.6 0.55 2.54 64.5 
200 51 5.6 0.51 2.58 104.5 
II 0 49 5.0 0.51 2.46 89.1 
50 53 5.6 0.55 2.24 96.9 
100 50 5.6 0.55 2.57 95.5 
150 47 5.6 0.55 2.57 88.5 
200 46 5.4 0.55 2.51 81.8 
I 0 58 2.9 0.51 2.69 71.2 
50 56 5.5 0.52 2.64 60.8 
100 56 5.2 0.51 2.42 69.2 
150 50 5.2 0.51 2.46 64.5 
200 61 5.2 0.51 2.55 76.4 
II 0 58 2.7 0.25 2.45 70.5 
50 51 5.2 0.52 2.60 67.7 
100 76 5.2 0.29 2.67 85.6 
150 57 5.2 0.55 2.62 75.2 
200 58 5.2 0.25 2.67 69.1 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 43 3.3 0.31 2.64 90.2 
50 4? 3.3 0.37 2.10 93.1 
100 55 3.9 0.37 1.95 110.1 
150 54 3.7 0.37 1.92 99.4 
200 49 3.8 0.40 1.77 100.3 
II 0 50 3.3 0.37 2.01 71.6 
50 50 3.8 0.39 2.04 85.5 
100 44 3.6 0.39 2.16 82.6 
150 47 3.6 0.35 2.16 93.2 
200 46 3.5 0.39 2.19 92.8 
I 0 51 2.8 0.32 2.20 79.1 
50 55 3.5 0.35 2.13 109.8 
100 46 3.8 0.35 2.18 95.8 
150 51 3.5 0.35 1.92 99.2 
200 52 3.7 0.38 2.07 101.0 
II 0 48 3.0 0.34 2.25 88-4 
50 55 3.4 0.36 2.08 97.4 
100 50 3.7 0.39 2-37 104.1 
150 45 3.6 0.33 2-19 90.0 
200 51 3.6 0.36 2.00 97.8 
I 100 56 2.9 0.39 2.76 128.6 
150 50 3.2 0.39 2.46 114.2 
200 56 3.3 0.37 2.36 131.6 
250 47 3.2 0.39 2-46 110.3 
300 48 3.3 0.38 2.49 122.8 
II 100 52 3.0 0.40 2.70 116.5 
150 54 3.3 0.40 2.62 117.0 
200 46 3.2 0.38 2.82 107.5 
250 52 3.2 0.39 2.60 122.8 
300 51 3.2 0.39 2.34 125.0 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 20 61 3.4 0.42 2.67 114.4 
70 44 3.3 0.41 2.66 84.3 
120 66 3.4 0.39 2.80 109.4 
170 74 3.4 0.39 2.68 121.2 
220 48 3.4 0.39 2.88 101.5 
II 20 57 3.3 0.41 2.78 119.6 
70 62 3.4 0.40 2.82 114.8 
120 68 3.3 0.38 2.32 124.0 
170 58 3.4 0.39 2.46 114.3 
220 70 3.4 0.40 2.66 122.1 
I 0 48 3.0 0.41 2.58 116.0 
50 55 3.2 0.39 2.34 127.9 
100 48 3.0 0.39 2.55 120.2 
150 46 3.4 0.41 2.48 113.3 
200 43 3.4 0.39 2.42 102.4 
II 0 51 3.0 0.37 2.43 113.7 
50 50 3.1 0.41 2.80 128.2 
100 49 3.4 0.44 2.25 124.4 
150 53 3.3 0.40 2.28 134.8 
200 52 3.1 0.42 2.64 125.6 
I 0 45 3.6 0.36 2.46 100.6 
50 48 3.7 0.37 2.30 102.1 
100 50 3.8 0.37 2.38 108.5 
150 50 3.8 0.38 2.34 117.4 
200 47 3.9 0.39 2.20 1043. 
II 0 42 3.5 0.35 2.32 87.7 
50 40 3.8 0.44 2.64 85.2 
100 46 3.8 0.38 2.49 97.6 
150 49 3.8 0.38 2.44 101.7 
200 48 3.9 0.40 2.48 102.0 
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Table 20. (Continued) 
- Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 51 3.0 0.37 2.50 118.6 
50 49 3.4 0.38 2.26 117.6 
100 47 3.6 0.39 2.37 100.4 
150 42 3.4 0.35 2.38 100.5 
200 56 3.2 0.36 2.34 123.7 
II 0 53 3.1 0.37 2.26 114.2 
50 51 3.4 0.36 2.34 113.7 
100 50 3.4 0.37 2.24 106.2 
150 47 3.3 0.37 2.26 103.7 
200 54 3.2 0.37 2.36 114.5 
I 0 42 3.4 0.37 2.19 93.4 
50 57 2.9 0.35 2.38 112.2 
100 46 3.4 0.35 2.46 96.5 
150 44 3.0 0.36 2.28 103.7 
200 37 3.4 0.36 2.42 95.2 
II 0 44 3.4 0.37 2.46 111.1 
50 50 3.2 0.37 2.37 108.3 
100 51 3.3 0.39 2.44 122.7 
150 47 3.2 0.35 2.34 103.9 
200 52 3.2 0.37 2.40 126.0 
I 0 56 3.3 0.36 2.40 93.8 
50 45 3.4 0.37 2. 55 91.3 
100 44 3.8 0.37 2. 55 81.0 
150 52 3.4 0.36 2-54 82.1 
200 47 3.5 0.36 2.37 87.7 
II 0 48 3.3 0.39 2.74 89.6 
50 57 3.4 0.36 2.58 93.1 
100 50 3.5 0.37 2.50 84.2 
150 53 3.6 0.37 2.43 86.1 
200 51 3.6 0.37 2.37 83.6 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 50 2.8 0.32 2.32 91.2 
50 66 3.3 0.32 2.07 104.2 
100 56 3.4 0.33 2.31 98.5 
150 57 3.5 0.34 2.32 110.1 
200 65 3.4 0.34 2.30 98.2 
II 0 51 3.3 0.35 2.30 103.1 
50 60 3.3 0.32 2.25 89.0 
100 58 3.5 0.33 2-07 112.9 
150 58 3.3 0.33 2.32 104.8 
200 56 3.4 0.35 2.26 106.0 
I 0 35 3.0 0.35 2.16 47.5 
50 42 3.3 0.35 2.04 83.1 
100 38 3.8 0.39 2.38 70.8 
150 42 3.8 0.37 2.40 92.2 
200 48 3.4 0.35 2.48 96.6 
II 0 37 3.3 0.35 2.36 77.0 
50 47 3.4 0.35 2.37 98=0 
100 42 3.7 0.38 2.28 88.7 
150 46 3.6 0.39 2.28 88.9 
200 51 3.6 0.39 2-19 83.2 
I 0 49 2.7 0.33 2.40 68.1 
50 45 3.2 0.33 2.13 68.9 
100 40 3.4 0.35 2.22 62.6 
150 44 3.5 0.34 2.02 74.7 
200 39 3.4 0.35 2.02 59.7 
II 0 56 2.9 0.35 2.22 70.8 
50 51 3.2 0.34 2.19 73.1 
100 50 3.4 0.34 2.13 71.4 
150 51 3.4 0.34 2.07 76.1 
200 51 3.5 0.35 2.19 77.6 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 
Year Cooperator cate lbs. /A. plot N P K bu./A. 
1958 Reeves ( l) 
Reeves(2) 
Scott 
I 0 41 2.9 0.32 2.43 82.6 
50 38 3.7 0.37 2.42 78.3 
100 40 3.6 0.36 2.37 78.6 
150 38 3.8 0.39 2.67 67.6 
200 39 3.8 0.37 2.46 85.4 
II 0 37 3.5 0.37 2.62 82.4 
50 44 3.7 0.38 2.61 100.5 
100 41 3.6 0.37 2.46 94.2 
150 46 3.9 0.37 2.55 92.5 
200 40 3.8 0.38 2-74 84.3 
I 0 42 3.0 0.31 2.67 69.9 
50 39 3.6 0.34 2.64 77.0 
100 40 3.8 0.33 2.50 77.7 
150 35 3.9 0.33 2.49 64.5 
200 34 4.0 0.35 2.54 64.8 
II 0 46 3.0 0.30 2.56 81.1 
50 39 3.6 0.34 2.48 82.9 
100 44 3.8 0.34 2.55 86.5 
150 41 3.6 0.33 2.55 90.7 
200 39 3.9 0.34 2.60 74.1 
I 0 48 3.5 0.35 2.40 99.3 
50 51 3.3 0.34 2.30 113.4 
100 50 3.6 0.37 2.48 116.0 
150 46 3.4 0.35 2.28 91.9 
200 43 3.4 0.35 2.38 97.5 
II 0 47 3.2 0.32 2.30 106.4 
50 56 3.2 0.33 2.24 110.0 
100 34 3.4 0-34 2.32 87.3 
150 51 3.2 0.33 2.13 100.3 
200 51 3.2 0.34 2.22 112.0 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 59 3.2 0.35 2.10 97.1 
50 56 3.4 0.37 2.16 104.6 
100 51 3.4 0.35 2.16 87.7 
150 51 3.4 0.37 2.02 93.3 
200 55 3.2 0.34 1.92 96.0 
II 0 50 3.4 0.37 1.92 88.1 
50 53 3.6 0.37 2.02 89.5 
100 57 3.5 0.37 1.96 93.2 
150 57 3.5 0.35 2.08 98.4 
200 55 3.6 0.37 2.16 95.5 
I 0 48 3.4 0.39 2.26 103.9 
50 59 3.3 0.43 2.28 109.2 
100 60 3.2 0.42 2.22 109.3 
150 54 3.4 0.44 2.24 101.1 
200 56 3.4 0.42 2-26 106.8 
II 0 66 3.3 0.41 2.24 130.1 
50 63 3.4 0.44 2.36 120.2 
100 55 3.5 0.40 2.20 98.2 
150 64 3.4 0.42 2.13 115.5 
200 60 3.4 0.38 2.25 118.4 
I 0 41 ' 2.9 0.36 2.40 90.2 
50 46 3.1 0.39 2.12 96.0 
100 45 3.2 0.39 2.19 100.2 
150 47 3.2 0.39 2.42 95.2 
200 45 3.2 0.41 2.28 102.8 
II 0 43 3.0 0.41 2.54 94.5 
50 45 3.1 0.38 2-40 100.8 
100 44 3.2 0.39 2.40 108.0 
150 50 3.2 0.41 2.56 113.3 
200 37 3.2 0.41 2.34 83.3 
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Table 20. (Continued) 
Nitrogen Stalks % % % 
Repli- applied per leaf leaf leaf Yield 




I 0 51 3.0 0.37 2.37 72.8 
50 37 3.4 0.38 2.28 56.1 
100 46 3.7 0.37 2.10 74.6 
150 38 3.8 0.37 2.22 60.3 
200 46 4.1 0.38 2.26 80.8 
II 0 40 3.0 0.37 2.28 59.9 
50 41 3.4 0.37 2.19 54.8 
100 51 3.9 0.37 2.20 98.3 
150 47 4.1 0.39 2.18 90.3 
200 41 3.9 0.38 2.08 61.7 
I 0 31 2.6 0.32 2.16 46.1 
50 27 3.4 0.35 1.95 45.2 
100 36 3.7 0.37 1.83 64.7 
150 32 3.8 0.37 1.77 50.8 
200 36 3.8 0.36 2.02 66. 5 
II 0 31 2.2 0.35 1.83 35.8 
50 38 3.4 0.35 1.80 63.7 
100 34 3.7 0.37 1.90 59.4 
150 38 3.5 0.36 1.80 71.6 
200 29 3.6 0.37 1.71 52.1 
I 0 42 3.2 0.35 2.19 77.9 
50 43 3.3 0.35 2.90 75.5 
100 52 3.2 0.35 2.32 85.2 
150 42 3.2 0.37 2.07 79.3 
200 43 3.2 0.35 2.10 76.2 
II 0 42 3.1 0.36 2.22 77.3 
50 43 3.0 0.36 2.32 76.8 
100 45 3.3 0.36 2.38 75.3 
150 38 3.2 0.37 2.42 64.7 
200 41 3.0 0.34 2.36 70.3 
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Table 20. (Continued) 
Year Cooperator 
Nitrogen Stalks % 
Repli­ applied per leaf leaf leaf Yield 
cate lbs./A. plot N P K bu ./A 
I 0 53 3.1 0.40 2.64 125.5 
50 51 3.0 0.44 2.73 117.3 
100 59 3.1 0.41 2.61 133.7 
150 55 3.2 0.41 2.55 117.4 
200 52 3.0 0.42 2. 55 118.9 
II 0 62 3.0 0.38 2.49 138.5 
50 54 3.1 0.42 2.70 136.5 
100 58 3.0 0.41 2.91 137.4 
150 55 3.4 0.40 2.64 122.4 





I 0 49 2.4 0.31 2.30 70.1 
50 50 3.1 0.35 2.49 78.5 
100 46 3.3 0.36 2.31 80.6 
150 45 3.3 0.37 2.40 89.3 
200 56 3.7 0.37 2.42 105.5 
II 0 48 2.8 0.30 2.61 64.6 
50 49 3.2 0.33 2.46 86.0 
100 48 3.4 0.37 2.31 84.5 
150 49 3.6 0.36 2.30 94.1 
200 37 3.7 0.37 2.31 71.4 
I 0 56 3.2 0.39 2.58 105.1 
50 54 3.2 0.38 2.44 112.7 
100 53 3.3 0.37 2.40 106.4 
150 48 3.4 0.36 2.50 93.3 
200 53 3.4 0.37 2.40 99.5 
II 0 50 3.3 0.36 2.58 95.7 
50 58 3.2 0.35 2.61 113.2 
100 56 3.2 0.36 2.55 117.5 
150 51 3.2 0.34 2.54 92.0 





Table 21. Organic carbon, initial nitrate, nitrifiable nitrogen, available phosphorus, available 
Natural Surface Soil Thickness Experiment 
,3 v 















































































1.50 1 .31 I ii.2 3 3 1 1 •5 
Fichter (2) 1.72 1 .42 8 3k 12 Q 2 1 .1 
TT 1.72 1 .53 12 38 13 5 3 1 .9 
Gregory - 1.6k 1 .50 R 33 2k 12 6 2 .6 
TT 1.61 1 .53 12 35 12 9 3 .4 
Hunt 1.83 1 .72 8 !,S 13 1. 6 3 .1 
1.83 1 .83 11 kk 16 14 6 2 .0 
Leu, 3. (1) I 1.94 1 .88 7 i+6 0 6 h 2 .1 
1.90 1 .88 7 36 10 6 3 1 .9 
Tea, E. (2) I 1.56 1 .15 10 32 16 IS 6 5 .0 
II 1.69 1 .31 0 a 2k Ik 6 5 .8 
Leu, C-. 1.77 1 .69 23 27 23 13 5 3 .6 
II 1.50 1 .75 16 35 31 12 6 5 .2 
lybarger I 1.9k 1. .69 22 33 21 11 8 3 .8 
II . 1.86 1 .69 2h 39 18 12 7 5 .9 
pontow 1.97 1, .38 Ik 30 18 12 4 2 .0 
II 1.9k 1 .75 Ih 32 12 12 h 2 .2 
Beeves I 1.66 1. 61 11 3k 20 12 1 .k 
II 1.72 1. 66 15 22 23 0 17 1 .0 
Schaaf I 2.16 1, .75 23 . 31 18 12 6 6 .0 
II - 2.10 1. .80 22 33 13 12 S 5. 2 
aAverage concentration in p.p.m. for 0-36 inch depth. 
s, available potassium and pH data as determined on soil samples obtained iro:,i the 
Available p ip.o.n.) Available X (moist. -D.'O.rn.) pH 




































































































































































































































































































































































































Table 21. (Continued) 
1 Organic 0 IJitri: fiable II (p.p • lu. )  
Cooperator Replicate 0 -6 0 y
 
ilOj" (p.p.m.) O-o c-12 12-24 24-3 o C -0 
Stewart 1 .20 0 .57 5 36 6 3 3 1 .1 
TT 0 .93 0 •U 5 22 3 3 3 1 .0 
Utterbaclc T 1 
• ; 
- lb 19 11 10 6 2 .6 
1 • 72 1 .56 0 30 12 12 6 3 •5 
Wilson I 1 .97 1 .69 il. 46 18 12 6 2 .2 
11 1 .33 .6b 11 33 14 12 6 3 .0 
".-.Vant 1. 33 1 .80 ? 53 15 12 6 2 1 
1. 30 1 .30 5 47 12 12 6 2 .2 
Bartholomew I • 1, •9b 1 .60 12 35 13 6 3 1 .9 
II 1. 75 1 •72 12 33 16 6 3 1 • 5 
Bruce T 1, •53 Q CI • | -L. 19 36 3 6 h 2 .0 
II 1. 15 0 .66 12 4I+ 5 3 3 1 .8 
D%ch (1) 1, .20 0 H 
C-
; 
14 30 7 2 2 1 .3 
1. 19 0 .bo 12 22 h 3 3 1 .3 
Buch (2) I 1, .66 1 .23 7 33 3 3 2 1 .0 
1. •72 1 .28 10 32 9 6 2 I .0 
Dashner I 2. 09 1 .36 2b 23 20 12 10 5 .0 
II 1. -97 1, .94 2b 24 12 12 6 3 «4 
Goehring 1. 91 1. 64 17 21 12 11 6 3 .2 
II 1-.60 1. 57 lu 30 11 6 10 4 .0 
Gregory T 1. .36 1. 69 111 22 3 6 4 3 • 5 
TT 1. 91 1. 66 16 22 10 6 3 6 .9 
Hammond I 1. 86 1. 64 12 19 11 0 3 3 .6 
II 1. 66 1. 64 15 22 12 6 2 3 .0 
Jiens I 80 1. 50 12 20 16 5 25 10 .0 
II 1. 77 1. ,58 13 14 lit 6 26 11, .5 
Àiliar. I 2. 10 1. .33 22 26 12 3 1. .4 
II 2. 10 1. ,36 13 29 12 3 £ 2, .1 
Leu j sh • I 2. 2b 1. •9 b 17 37 23 13 9 5' .3 
II 2. 13 1. ,33 19 33 20 12 6 8, .5 
• lu» )  .vailabls P (p.p.n.) Available 1{ (sioist, p.p.n.) 
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Table 21. (Continued) 
% Organic C initial Nitrifiable N (•p.p.n.'i 
"ear Cooperator Replicate O-o o-12 HC3" ;p.p.ra.; IT-à 3-12 12—2H 2ii-3c 
Available 
O-o 
Newell I 1 .66 % .kS 16 3h 10 6 2 2 .it 0 • 5 
1 • 72 1 .2k 20 39 13 3 2 2 .3 1 .1 
Parker - i • 75 1 .56 14 33 9 5 2 6 • 5 1 .0 
TT i .61 1 .26 12 36 7 2 1 3 .9 0 •li 
Pontoi-7 I 1 .15 0 .68 15 30 l 1 1 2 .9 0 0 
II 1 .15 0 • 55 11 22 k 2 1 r* .0 1 .0 
Reeves (l) I 1 .75 1 .56 3 19 12 6 1 1 .1 0 .3 
- 1 • 72 1 .56 9 16 10 2 2 .1 0 .6 
Reeves (2) 1 .09 0 .71 7 18 6 1 1 8 .2 3 .2 
II 1 .36 0 .63 9 2u 6 1 1 T-' > .5 I .6 
Scott I 1 .9k 1 .53 10 26 12 2 3 .5 0 .9 
II 1 .75 1 .39 8 2k 15 4 1 1 •5 1 .1 
Seipold (1) I 1 • 56 0 .68 13 33 1 1 2 .0 1. 
II 1 .12 0 .66 19 31 6 1 2? .2 T-* p .1 
Seipold (2) 1 
.75 1 .17 22 30 il. . O 2 50 .0 31 .2 
II 2 .07 1 .42 19 20 10 6 1 50 .0 15 .0 
Shook - 1 .61 1 .41 7 25 8 2 1 1 .2 0 .6 
II 1 .Oil 1 .23 11 21; c 2 1 1 .2 0 .5 
Skerritt I 1 .09 0 .66 10 24 6 1 1 1. 1, .5 
II 1 .23 0 .57 11 22 2 1 1 2 :5 1, .6 
Slaughter (1) 1 .09 0 .? k 8 18 2 1 1 2. 2 0, .7 
II 1 .15 0, .57 6 16 6 1 1 ^ '5 1, .1 
Slaughter (2) 1 • 72 1. 58 16 26 12 it 2 3 * .0 0, .8 
II 1 .69 1. 53 16 18 0 3 2 2, .8 0, .6 
Utterback T i, .58 1, .50 11 12 9 6 2 1. .0 1. 0 
II 1, •57 1, .56 13 30 10 4 2 1. .9 0, .5 
Yir.ton 1 .75 1, ' ? .00 10 16 9 8 2 2. 4 0. 2 
II 1, .72 1. •5§ 15 3k 12 7 3 2. 0 0. 6 
vlinslc X-; 2 .07 1. 86 27 40 12 6 3 6. 8 1. 0 
n 2, .17 1. 91 24 ko 15 11 6 i « -5 3. • 4 
.jp.M.) Available ? (o.p.M.) Available X (moist, p.P.M.) tdH 







































































































































































































































































































































































































Table 22. Stand, leaf composition and yield data from the 





















0 I 0.0 64 1.6 0.28 2.23 34.7 
66.7 64 2.2 0.23 2.58 86.4 
133.3 58 2.9 0.30 2.51 95.4 
200.0 62 3.2 0.32 2.56 116.8 
266.7 63 3.2 0.28 2.52 108.9 
II 0.0 53 1.6 0.31 2.20 23.3 
66.7 55 2.8 0.29 2.73 _ 88.3 
133.3 60 3.4 0.30 2.42 ' 105.7 
200.0 57 3.4 0.31 2.51 100.3 
266.7 69 3.4 0.30 2.52 1Î0.0 
III 0.0 67 1.7 0.32 2.50 40.2 
66.7 56 2.2 0.23 2.55 70.8 
133.3 63 3.3 0.31 2.49 103.9 
200.0 58 3.2 0.31 2.52 101.9 
266.7 65 3.2 0.31 2.46 113.4 
Normal I o.c 50 2-2 0.33 2.38 59.1 
surface 66.7 57 2.6 0.30 2.34 102.8 
133.3 61 3.2 0.32 2-65 105.0 
200.0 57 3.0 0.31 2.49 106.5 
266.7 60 3.1 0.31 2.43 99.0 
II 0.0 62 2.3 0.30 2.44 80.6 
66.7 63 3.0 0.31 2.62 102.6 
133.3 56 3.2 0.31 2.53 100.1 
200.0 58 3.2 0.30 2.28 96.1 
266.7 57 3.4 0.32 2.54 90.8. 
! 
III 0.0 64 2.3 0.35 2.50 . 88.3 
66.7 59 3.1 0.31 2.61 95.1 
133.3 61 3.2 0.33 2.58 103.5 
200.0 59 3.3 0.33 2.55 105.8 
266.7 58 3.4 0.31 2.54 93.5 
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Table 23. Summary of data from analyses on soil samples 
taken from the Artificially-Exposed Subsoil 













p • p * ni • PH 
0-6 2.00 40 6.4 > 200 6.1 
6-12 1.88 21 2.2 110 6.0 
12-18 1.67 12 0.5 61 6.0 
18-24 - 11 0.5 75 6.3 
24-30 - 6 0.8 64 6.4 
30—36 10 1.5 68 6.6 
aThe 12-18 inch layer is the new plow layer of the 
denuded plots, the 0-6 inch layer remaining the plow layer 
of the surface plots. For these two layers, composite samples 
were collected from all subplots concerned and averages of the 
resulting data appear in this table. For all other layers 
appearing in the table, composite samples were taken only of 
the whole plots. 
